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American Concrete Institute is a Registered Provider with The American 
Institute of Architects Continuing Education Systems (AIA/CES). Credit (s) 
earned on completion of this program will be reported to AIA/CES for AIA 
members. Certificates of Completion for both AIA members and non-AIA 
members willbe emailed to you soon after the seminar. 


This program is registered with AIA/CES for continuing professional 
education. As such, it does not include content that may be deemed or 
construed to be an approval or endorsement by the AIA of any material of 
construction or any method or manner of handling, using, distributing, or 
dealing in any material or product. 


Questionsrelated to specific materials, methods, and services will be 
addressed at the conclusion of this presentation. 


The American Institute of Architects has approved this session for 
7.5 AIA/CES LU/HSW Learning Units. 
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Learning Objectives 


1. Understand where higher grades of 
reinforcement are accepted and changes to 
the requirements for structural concrete to 
allow the higher reinforcement grades, 
including development lengths and phi- 
factors. 


2. Identify the added requirements to address 
shotcrete as a concrete placement method. 

3. Explain the expanded scope of deep 
foundation provisions, including seismic 
requirements. 
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Learning Objectives 


4. Learn the new requirements for post- 
installed screw type anchors and shear lug 
design for anchoring to concrete. 


5. Describe the changes to shear design 
provisions and equations. 

6. Identify new tension longitudinal 
reinforcement requirements in special 
structural walls 
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Speakers 


Speaker bios are included in your handovts for 
the presentation 
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Today's Seminar 


* Major changes 
e Grouped by topic 


* Organization * Foundations 
* Existing structures e Anchorage to 
* Loads & analysis concrete 

e Slabs e Seismic 


* Post-tensioning 

* Precast/Prestressed 
* Circular sections 

e Walls 
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Today's Seminar 


* Major changes 
* Grouped by topic 


* High-strength Durability and 


reinforcement materials 
* Development length ¢ Strut-and-tie 
e Shear modifications method 
e Shotcrete 
* Appendix A 
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Today's Seminar 


318-14 mm) 318-19 
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Why Do We Change ACI 318? 


* Reflects new research 
e Construction practices change 
e Sometimes tragic events provide introspect 
— Earthquakes or other natural disasters 
— Collapses or construction accidents 
— Observed in-service performance 
* New materials 
— Or better ways of making established materials 
* More powerful analytical tools 
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Resources 
e ACI 318 
e Speaker notes 
e ACI Reinforced Concrete Design Handbook 


e ACI 318 Building Code Portal 
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ACI 318-19 


Variety of formats, including: 
a 


An ACI Standard 
Building Code Requirements 
e Printed co py ee ee m ED Concrete 
— Softcover and Commentary on 
ed PDF oe 
* Enhanc | (ACI gg ig ioeie 
O "SPOS apan 
Versions d 
* English = 
* Spanish D 
* |n.-Ib units I 
¢ SI units o 
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Speaker Notes 


Today's presentation 
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ACI Design Handbook 
e 15 chapters 
* Explanatory text 
* Design aids 


e 2019 version 
expected early next 
year 
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The Reinforced Concrete Design Handbook 


A Companion to AC/ 318-14 


SP-17 (14) 


E NE Br el eae 
ACI Design Handbook 


* 1: Building Systems e 9: Columns 

« 2: Structural Systems e 10: Walls 

e 3: Structural Analysis s 11: Foundations 

* 4: Durability s 12: Retaining Walls 
s 5: One-Way Slabs e 13: Serviceobility 

e 6: Two-Way Slabs s 14: Strut-and-Tie 

e 7: Beams e 15: Anchorage 

e 8: Diaphragms 
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ACI 318 Building Code Portal 


aci x American Concrete Institute ee 
Always advancing 
_ 4 


Publications Certification Education Committees Events Chapters Topics in Concrete ACI Store 


ACI 318 Building Code Portal 


ACI 318-19: BUILDING 
. : " CODE REQUIREMENTS 
The American Concrete Institute has officially FOR STRUCTURAL 


released the updated ACI 318-19: Building Code CONCRETE AND 
Requirements for Structural Concrete and BELLI Ms 
Commentary. a: 


318 Building Code Portal 


Educator and Student 
Info 


Concrete Repair Portal 
Building Code Re 
Career Center C ACI 318-19 — Now Available in Print a... eo^ MOSES T 
om Bulldng Cove Requirements 
Frequently Asked e for Sucturai Concrete 
Technical Questions 


Concrete International 
Product Guide 


ORDER NOW » 


This edition is the first edition of ACI 318 in five years and the first 
update since the reorganization of the code in the 2014 edition. This 
latest edition includes new and updated code provisions along with 


updated color illustrations for added clarity. NE RIS UAL. 


KEYS 


Browse by Industry Role 


ACI Home Engineers B 1 alL 
Contact us Educators & Researchers mcrete Repair Portal aci Foundation 


News Contractors Career Center a 


Students Frequently Asked Technical Questions aoe 
Marketing Toolkit Concrete International Product Guide x : dd 
Build Your Brand With ACI 4 


Corporate Solutions (f) (v) (in) © LH aci's 


Magazine 
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Major goals of ACI 318 organization 


* Ease of use 
¢ Find the information you need quickly 
— Consistent organization 
— Organized in the order of design 
* Increase certainty that a design fully meets 
the Code 
— A chapter for each member type 
— All member design provisions in one chapter 
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Navigation 


10 Parts 
* General 


PART 1: GENERAL 9 


CHAPTER 1—GENERAL 
CODE COMMENTARY 
1.1—Scope of ACI 318 R1.1—Scope of ACI 318 -— 
1.1.1 This chapter addresses (a) through (h): R1.1.1 This Code includes provisions for the design = 
of concrete used for structural purposes, including plain = 
(a) General requirements of this Code concrete; concrete containing nonprestressed reinforce- c 
(b) Purpose of this Code ment, prestressed reinforcement, or both; and anchoring 
(c) Applicability of this Code to concrete. This chapter includes a number of provisions 
(d) Interpretation of this Code that explain where this Code applies and how it is to be 


(e) Definition and role of the building official and the interpreted. 
licensed design professional 

(f) Construction documents 

(g) Testing and inspection 

(h) Approval of special systems of design, construction, or 

alternative construction materials 
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Navigation 


10 Parts 
* General 


* Loads & Analysis 
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PART 2: LOADS & ANALYSIS 61 


CHAPTER 5—LOADS 


CODE 


5.1—Scope 

5.1.1 This chapter shall apply to selection of load factors 
and combinations used in design, except as permitted in 
Chapter 27. 


5.2—General 

5.2.1 Loads shall include self-weight; applied loads; and 
effects of prestressing, earthquakes, restraint of volume 
change, and differential settlement. 


COMMENTARY 


R5.2—General 

R5.2.1 Provisions in the Code are associated with dead, 
live, wind, and earthquake loads such as those recommended 
in ASCE/SEI 7. The commentary to Appendix C of ASCE/ 
SEI 7 provides service-level wind loads W, for serviceability 
checks; however, these loads are not appropriate for strength 
design. 

If the service loads specified by the general building code 
differ from those of ASCE/SEI 7, the general building code 
governs. However, if the nature of the loads contained in a 
general building code differs considerably from ASCE/SEI 7 
loads, some provisions of this Code may need modification 
to reflect the difference. 


Loads 


re inst dS 
ACI 318 Style 


9.6—Reinforcement limits 
9.6.1 Minimum flexural reinforcement in nonprestressed 
beams 


9.6.1.1 A minimum area of flexural reinforcement, Ag min, 
shall be provided at every section where tension reinforce- 
ment 15 required by analysis. 


9.6.2 Minimum flexural reinforcement in prestressed beams 
9.6.2.1 For beams with bonded prestressed reinforcement, 
total quantity of A, and A,, shall be adequate to develop a 


factored load at least 1.2 times the cracking load calculated 
on the basis of f, defined in 19.2.3. 
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Navigation 


10 Parts 


General 
Loads & Analysis 
Members 


Joints/Connections/ 
Anchors 


Seismic 
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Materials & 
Durability 


Strength & 
Serviceability 


Reinforcement 
Construction 
Evaluation 


nE S Nr ist dS 


Part 1: General 
* ]: General 


e 2: Notation and Terminology 

- dagg = nominal maximum size of coarse 
aggregate, in. 

— aggregate—granular material, such as sand, 
gravel, crushed stone, iron blast-furnace slag, or 
recycled aggregates including crushed hydraulic 
cement concrete, used with a cementing 
medium to form concrete or mortar. 
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Part 1: General 


s 3: Referenced Standards 


i 
Design 
Inspection loads 
TUN 
ASTM INTERNATIONAL Preca st/ Load paths 
Prestressed 


e 4: Structural System 


Requirements Safety SE 
Structural 


integrity 
Durability 
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Part 2: Loads & Analysis 


e 5: Loads 


* 6: Structural Analysis 
— Simplified, first-order, second-order 
— Linear, nonlinear 
— Slenderness 
— Materials and section properties 
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Part 3: Members 
e 7: One-Way Slabs * 11: Walls 
e 8: Two-Way Slabs * 12: Diaphragms 
* 9: Beams e 13: Foundations 


e 10: Columns e 14: Plain Concrete 
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Typical member chapter sections 


° X.1 
° X.2 
° X.3 
° X.4 
° X.5 
° X.6 
° X.7 
° X.? 


Scope 

General 

Design Limits 
Required Strength 
Design Strength 
Reinforcement Limits 


Reinforcement Detailing 
? 


WWW.CONCRETE.ORG/ACI318 27 


E ee r inst dS 


ACI 318-19 
Organization 
Anchorage, Ch. 9 
| 
bi Flexure, Ch. 9 | 
j CQ 
i | Ch. 9 
Deflection, Ch. 9 
E —_\_1 _ 
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Part 4: Joints / Connections / Anchors 


e 15: Beam-column and 
slab-column joints 


* 16: Connections 
between members 


* 17: Anchoring to 
concrete 
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Table R18.2—Sections of Chapter 18 to be 
4 ° e satisfied in typical applications! 
Part 5: Seismic Component 
resisting 
earthquake effect, 
unless otherwise C D, E, F 
noted LS 2:1. (18.2.1.5) 


Analysis and design 
requirements 


* 18: Earthquake " ! 
Resistant Structures 


Structural walls and N N 
coupling beams aa ng 


Frame members not 
designated as part of 
the seismic-force- 
resisting system 


Din addition to requirements of Chapters 1 through 17, 19 through 26, and ACI 318.2, 
except as modified by Chapter 18. Section 14.1.4 also applies in SDC D, E, and F. 


PlAs permitted by the general building code. 
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Part 6: Materials & Durability 


* 19: Concrete: Design and Durability 
Properties 


(Credit: PCA) 


e 20: Steel Reinforcement Properties, 
Durability, and Embedments 
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Part 7: Strength & Serviceability 


* 21: Strength Reduction Factors D 


Shear flow (q) 


e 22: Sectional Strength 


(a) Thin-walled tube 
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Organization 
Member Chapter Toolbox Chapter 


9.5 — Design strength 
9.5.2 — Moment 
9.5.2.1 — IF P, < O.10f .A,, ., 22.3 —Flexural strength... 


M, shall be calculated i 
accordance with 22.3.” #_ 22534 


9.5.2.2 — If P, 2 0.1 Of’.Ag, 
M, shall be calculated i 
accordance with 22.4. 


22.4 — Axial strength or 
combined flexural and axial 


strength... 
\ 


22.4.3.] ... 
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Part 7: Strength & Serviceability 


e 23: Strut-and-Tie Method 


e 24: Serviceability 


^ < 1/360, lors 
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Staggered 
hook 
location as 
required for 
successive 
circular ties 


Part 8: Reinforcement 


s 25: Reinforcement Details 


Circular tie 


Point at which 
bar is developed 


d, 


90-degree 
bend 


Set of overlapping closed ties [T | 
to enclose all bars 


Lap 2 6 in. 
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Part 9: Construction 


* 26: Construction Documents and Inspection 


— 318 is written to the engineer, not the contractor. 


— Construction requirements must be 
communicated on the construction documents. 


— All construction requirements are gathered 
together in Chapter 26. 


— Design information — job specific 
— Compliance requirements — general quality 
— Inspection requirements 
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Part 10: Evaluation 


e 27: Strength Evaluation of Existing Structures 
— Applies when strength is in doubt 


— Well understood - analytical evaluation 
— Not well understood - load test 
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Benefits of ACI 318 organization 


* Organized from a designer's perspective 
* Easier to find specific requirements 

* Intuitive location of information 

* Clarified cross references 

* Tables improve speed of understanding 

* Consistent language in text 

* Single idea for each requirement 
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1.4—Applicability 
1.4.1 This Code shall apply to concrete 


structures designed and constructed under the 
requirements of the general building code. 


1.4.3 Applicable provisions of this Code shall 
be permitted to be used for structures not 
governed by the general building code. 
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Concrete designs governed by other ACI codes 


P 


y i E "d 


eu ME 


216 - Fire 307 - Chimneys 


349 — Nuclear Facilities 350 - Environmental 


369 - uem Retrofit 376 - RLG Containment 437 - Strength Evaluation 562 - Repair 
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Design recommendations provided in guides 


e Slabs-on-ground (ACI 360R) 
* Blast-resistant structures (ACI 370R) 
* Wire Wrapped Tanks (ACI 372R) 
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1.4.2—Repair 


1.4.2 Provisions of this Code shall be permitted 
to be used for the assessment, repair, and 
rehabilitation of existing structures. 


R1.4.2 Specific provisions for assessment, 
repair, and rehabilitation of existing concrete 
structures are provided in ACI 562-19. Existing 
structures in ACI 562 are defined as structures 
that are complete and permitted for use. 
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Chapter 27 - Strength Evaluation of Existing 
Structures 

Applies when strength is in doubt 
s Well understood - analytical evaluation 


* Not well understood - load test 
— Monotonic procedure, ACI 318 
— Cyclic procedure, ACI 437.2 


24 hours 


Percentage of applied test load 
Percentage of applied test load 


Time (not to scale) 
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27.4.6.2—Total test load, T, 


Greatest of: 
(a) T, = 1.15D + 1.5L + O.A(L, or S or R) 

>T, = 1.0D,, + 1.1D, +[1.6 + 0.5(L, or S or R) 
(b) T, = 1.15D + 0.9L + 1.5(L, or S or R) 

—T,2 1.0D,, + 1.1D, + 1.0L *[1.&(L, or S or R) 
(c) T, * 1.3D 

—T, = 1.3(D,, + D,) 
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Superposition of loads (R5.3.1) 


s Added commentary 


— |f the load effects such as internal forces and 
moments are linearly related to the loads, the 
required strength U may be expressed in terms of 
load effects with the identical result. If the load 
effects are nonlinearly related to the loads, such 
as frame P-delta effects (Rogowsky et al. 2010), 
the loads are factored prior to determining the 
load effects. Typical practice for foundation 
design is discussed in R13.2.6.1. Nonlinear finite 
element analysis using factored load cases is 
discussed in R6.9.3. 
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Superposition of loads (R5.3.1) 
In other words: 


* First order, linear analysis 
M: 2p+161 = 1-2 Mp + 1.6 M; 


e Second order or nonlinear analysis 
Mi2p«ror F 1-2 Mp + 1.6 M, 
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Wind Loads (R5.3.5) 


s Added commentary 
— ASCE 7-05 


e Wind = service-level wind 
e Use 1.6 load factor 


— ASCE 7-10 & ASCE 7-16 
e Wind = strength-level wind 
* Use 1.0 load factor 
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Inelastic First-Order Analysis (Chapter 6) 
* Not mentioned in ACI 318-14 


* Nonlinear material properties 
* Equilibrium satisfied in 


TE 
undeformed shape T 
* Several revisions : 
— Must consider column = 
slenderness 
— No further redistribution Curvature 


— Clarifies requirements for each 
type of analysis 
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Consistent Stiffness Assumptions (6.3.1.1) 


* ACI 318-14 dropped “consistent throughout 
the analysis” language 


& 3 No top steel required 


4} No bottom steel required 


No ired 
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Torsional Stiffness (R6.3.1.1) 


* Clarification in commentary 


e Two factors 
— Torsional vs. flexural stiff nesses 


GJ vs. EI 


— Equilibrium requirements 
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Torsional Stiffness 


Equilibriumtorsion 


* Torsion in beam 
required to maintain 
equilibrium 

* Torsion and torsional 
stiffness of the beam 
must be considered 
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Torsional Stiffness 


Compatibility torsion 


* Torsion in girder not 
required to maintain 
equilibrium 

* Torsion and torsional 
stiffness of the beam 
may be neglected 


. ^am 
interior / Beo 


girder 
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Torsional Stiffness 


Compatibility torsion 


* Torsion in girder not 
required to maintain 
equilibrium 

* Torsion and torsional 
stiffness of the girder 
should be included 


: Beam 
Exterior / soam 


girder 
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Shear Area (6.6.3.1) 


Table 6.6.3.1.1(a)— Moments of Inertia and cross-sectional areas permitted for 
elastic analysis at factored load level 


Cross-sectional | Cross-sectional 
€ Moment of i —————— 

Member and condition : . area for axial area for shear 
inertia UENIRE R 

deformations deformations 


Walls 
Flat plates and flat slabs 0.251, 


e No previous guidance 
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Floor Vibrations (R24.1) 


* Typical floors 
— Good performance 


* Areas of concern 
— Long/open spans 
— High-performance (precision machinery) 
— Rhythmic loading or vibrating machinery 
— Precast 


e Commentary references 


WWW.CONCRETE.ORG/ACI318 57 


ee BN. stt dO 


Floor Vibrations 


e Resources 

— ATC Design Guide 1, "Minimizing Floor Vibration," 

— Fanella, D.A., and Mota, M., "Design Guide for 
Vibrations of Reinforced Concrete Floor Systems," 

— Wilford, M.R., and Young, P., "A Design Guide for 
Foottall Induced Vibration of Structures," 

— PCI Design Handbook 

— Mast, R.F., "Vibration of Precast Prestressed 
Concrete Floors 

— West, J.S.; Innocenzi, M.J.; Ulloa, F.V.; and Poston, 
R.W., "Assessing Vibrations” 


- No specific requirements 


P-T Precast 
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Concerns about deflection calculations 


* Service level deflections based on Branson's 
equation underpredicted deflections for o 
below = 0.8% č , : 

Mer Mer 
i) n+ fi- (I) 

e Reports of excessive slab deflections 

(Kopczynski, Stivaros) 


* High-strength reinforcement may result in 
lower reinforcement ratios 
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Heavily reinforced 


Midspan moment 


C r Experimental 


—— Branson's Eq. 
—— Bischoff’s Eq. 


Midspan deflection 
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Lightly reinforced 


Midspan moment 


—" Experimental 


—— Branson's Eq. 
—— Bischoff’s Eq. 


Midspan deflection 
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= 
Comparison of Branson's and Bischoff's /, 
s Branson 
Mer Mery? 
WME 1, Qm) L + (1 - (EE) ) her <l 
* Bischoff 


MW ew — = E 4 (1 — (y) d 
le Ma/ Ig Ma ler Ig 


Branson combines stiffnesses. Bischoff combines flexibilities. 
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Effective Moment of Inertia 


* Table 24.2.3.5 ~ Inverse of Bischoff Eqn. 


M, > (2/3) M,,,I, = la 
ES 


M, € (2/3M,. le =I, 
e 2/3 factor added to account for: 
— restraint that reduces effective cracking moment 


— reduced concrete tensile strength during 
construction 


WWW.CONCRETE.ORG/ACI3 18 


EM AN Lh 


ACI318-19 


n Concrete Institute 
Always advancing 


Changes to the Concrete 


| i 
<s e 


| 
mI 
N 


i 


ZZ 
LA 


E ee Nr is dS 


Structural Integrity Reinforcement 


Structural integrity provisions have been 
added 
* To improve structural integrity 


— To ensure that failure of a portion of a slab does 
not lead to disproportional collapse 


e To be similar to that for beams 


— bring one-way cast-in-place slab structural 
integrity in line with beam structural integrity 
provisions 
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Structural Integrity Reinforcement 


e 7.7.7 Structural integrity reinforcement in 
cast-in-place one-way slabs 
— 7.7.7.1 Longitudinal reint. consists of at least '4 of 
max. positive moment to be continuous 


1/4 M* continuous 


eA Beam 
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Structural Integrity Reinforcement 


— 7.7.7.2 Longitudinal reint. at noncontinuous 
supports to be anchored to develop f, at the 


face of the support 


-——— Beam 


 ——— 
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Structural Integrity Reinforcement 


— 7.7.7.3 Splices 


¢ Splice near supports 


e mechanical or welded in accordance with 25.5.2 or 
213.7 


* or Class B tension lap splices in accordance with 25.5.2 
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Shrinkage and Temperature Reinforcement 


7.6.4.1 — 24.4 Shrinkage and temperature reinforcement 


24.4.3.2 : Ratio of deformed shrinkage and temperature 
reinforcement area to gross concrete area 


e 318-14: as per Table 24.4.3.2 


able 24.4.3.2—Minimum ratios of deformed 


Reinforcement Pe 
m m reinforcement ratio 


= R 


—— | 
st ees eum See 
e 318-19: Ratio 2 0.0018 ones 0.001 | 
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28. — APA. 0B. mma" el E 
Minimum Flexural Reinforcement in 
Nonprestressed Slabs - One way 


7.6.1.1: 
e 318-14: A, min as per Table 7.6.1.1 


able 7.6.1.1—A,; min for nonprestressed one-wa 


* 318-19: A, mn = 0.00184, 
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E NEM Br. ee! 3 — M 
The Direct Design Method and The Equivalent 
Frame Method 


— Removed: The direct design method (8.10) and the 
equivalent frame method (8.11) 


— Provisions in 318-14 


— 8.2.1 ... Ihe direct design method or the equivalent 
frame method is permitted. 


— 6.2.4.1 Two-way slabs shall be permitted to be 
o for gravity loads in accordance with (a) or 


(a) Direct design method for nonprestressed slabs 


(b) Equivalent frame method for nonprestressed and 
prestressed slabs 
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re ims dS 


Shearheads 


Removed Shearhead 
prowisions in 318-14 


— 8.4.4.1 Slabs 
reinforced ~ 
shearheads shall Ds 
evaluated for two-w g 
shear at critical sections 
in accordare with 
22.6.9. 20 
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3/4 (4, - c4/2) 


2 3/4 (£; - 64121 


E 
Mea PEPES" 
(c) Large interior 
(n= 4) shearhead 
(n=4) 
/4 (£, - C2/2) 
di2-- 
i lR f d/2 ee 
i <j E; 
T5 M 
J Ll E J4 (4, - C212) 
ct- 
ty - C212 t - ey 
3/4 (£, - c4/2) 
d) Small edge shearhead 
( ) "p 3) (e) ar edge 
shearhea 
(n= 3) 


Fig. R22.6.9.8—Location of critical section defined in 
22.6.9.8. 
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Opening in Slab Systems 
Without Beams 


ACI 318 -14: 8.5.4.2(d) 

e  withi olumn strip or closer 
than 10h from a concenirated 
load or reaction area satisfy 
— 22.6.4.3 for slabs without shearheads 
— or 22.6.9.9 for slabs with shearheads 


e 22.6.4.3: Reduced perimeter of 
critical section (b,) 
— Fig. R22.6.4.3 


e 22.6.9.9: Reduction to b, is ' of 
that given in 22.6.4.3 


WWW.CONCRETE.ORG/ACI318 


Ineffective Opening 


Fig. R22.6.4.3—Effect of openings 
and free edges (effective perimeter 
shown with dashed lines) 
Note: Openings shown are located 
within I0h of the column peripher 
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28. -—Phllt B. aun el —— EL 
Opening in Slab Systems — 
Without Beams 


ACI 318 -19: 8.5.4.2(d) 


* closer than 4h from the 
periphery of a column, 
concentrated load or 
reaction area satisfying 
22.6.4.3 


Go 


T 
U 
I 
U 
U 
U 
U 
U 
U 
U 


s 22.6.4.3: Reduced perimeter mm M 


of critical section (b,) 4h of the column periphery 
_ Fig. R22.6.4.3—Effect of openings and 
Fig. R22.6.4.3 free edges (effective perimeter shown 
with dashed lines). 
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Minimum Flexural Reinforcement in 
Nonprestressed Slabs - Two way 


8.6.1.1 
* 318-14: A, an as per Table 8.6.1.1. 


able 8.6.1.1—A; min for nonprestressed two-wa 


: A, min Of 0.0018A,, or as defined in 


9 
we (discussed under two-way shear) 
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E NEU Br. ibm Q0 
Reinforcement Extensions for Slabs without 
Beams 


ACI 318-14: 8.7.4.1.3 - 

Column strip top bars 

* Extend to at least 0.3€, 

s May not be sufficient 
for thick slabs 


— may not intercept 
critical punching shear — fermesepted by too 


l (b) Thick slab 
— Reduce punching shear 
strength Punching shear cracks in slabs 


with reinforcement extensions 
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E NEN Br "es a0 
Punching shear failure - Podium Slab 


Top Steel (34 #9 bars) 
50% to 0.3L (7.88') 


50% to 0.2L (5.257) 


Potential failure plane 
(p = 0) 


12x44 column 
(relnforcement not shown for clarlty) 


* [he failure crack did not intercept the top reinforcement. 
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Reinforcement Extensions for Two-Way Slabs 
without Beams 


ACI 318-19: 8.7.4.1.3 - eis a 
Column strip top bars cnc 
* Extend to atleast — 9 2. 
0.32, but, not less 
than 5d 


crack is intercepted by 


Extension of top reinforcement 
beyond 0.3/,to 5d from column 
is required to intercept potential 
punching shear crack 


(b) Thick Slab 


Fig. R8.7.4.1.3- Punching shear cracks in ordinary 
and thick slabs 
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" n m. ite! 2 ee Ne OR 
Reinforcement Extensions for Two-Way Slabs 
without Beams 


Minimum 
Location ed A: Without drop panels With drop panels 


50% 
Remainder 
Column 
= pow 3 
Bottom 100% | Splices shall be 

bars or wires | permitted in this region bars 

shall conform |^ 

[— 1 — Enna se —————3— 4 8.7.4.2 


Middle 
strip 
Bottom 
Remainder 
Center to center span Center to center span 


Exterior support Interior support Exterior support 
(No slab continuity) (Continuity provided) (No slab continuity) 


Fig. 8.7.4.1.3—Minimum extensions for deformed reinforcement in two-way slabs without beams. 
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Residential P-T Slabs (1.4.6) 


* Past confusion about P-T slab foundation 
design on expansive soils 
— Intent was for residential, but not mentioned with 
residential design provisions 
* Commentary clarifies use of PTI DC10.5-12 
for P-T residential slabs and foundations on 
expansive soils 
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E NEN Br. isa 
Residential P-T Slabs (1.4.6) 


* Coordinates with 2015 IBC requirements 


* Adds reference to ACI 360 if not on 
expansive soil 


Standard Requirements for 
Design and Analysis of Shallow 
Post-Tensioned Concrete 
Foundations on Expansive Soils 


ES 
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8 1 M AE et le 
Max. Spacing of Deformed Reinf. (7.7.2.3) 


* Class C (Cracked) and T (Transition) one- 
way slabs with unbonded tendons rely on 
bonded reinforcement for crack control 

e Previously no limits for spacing of deformed 
reinforcement for Class C and T prestressed 
slabs 


* Industry feedback provided 
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8 5 1 i RM a eS 
Max. Spacing of Deformed Reinf. (7.7.2.3) 


* New limit is s S 3h and 18 in. 
e Same as non-prestressed slabs 


Unbonded P-T Deformed 
y "s reinforcement 
Slab Section ^s € 3h and 18 in. 
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E NE Br ies O — M 
P-T Anchorage Zone Reinforcement 
(25.9.4.4.6) 


* Referenced from slab and beam chapters 


e Applies for groups of 6 or more anchors in thick 
slabs 


* Anchorage zone requires backup bars for 
bearing and hairpins for bursting 


* Hairpins must be anchored at the corners 


Hairpins 


Backup bars Anchor bars 
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8 5 5 58 M naL 1 2 iL... 
P-T Anchorage Zone Reinforcement 
(25.9.4.4.6) 


e Thin slabs € 8 in. — Anchor bars serve as 
backup bars 


e Thick slabs > 8 in. — Both backup bars and 
anchor bars required 


Hairpins 


Backup bars Anchor bars 
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For slabs with h > 8 in., provide #4 or large 
straight bars parallel to slab edge, in 
contact with or not farther than 4 in. ahead 
of bearing face of anchorage device 


#3 or larger 
hairpins required 
if #5 12 in. 


3h/B to h/2 


Bars to anchor hairpins 
in accordance with 
25b.7.1.2 


h- (top + bottom cover) 


&4 or larger straight bars 
parallel to slab edge, 

in contact with or not farther 
than 4 in. ahead of bearing 
face of anchorage device 


#3 or larger hairpin 
with minimum inside 
bend diameter 

in accordance 

with Table 25.3.2 


(b) Section A-A for slabs with h > 8 in. 


s 4 in. 


hs8 zi h - (top + bottom cover) 
#3 or larger hairpin 3h/8 to h/2 

with minimum inside 

bend diameter &4 or larger straight bars 

in accordance parallel to slab edge, 

with Table 25.3.2 in contact with or not farther 


than 4 in. ahead of bearing 
face of anchorage device 


(c) Section A-A for slabs with h = 8 in. 


Fig. R25.9 4.4.6—Anchorage zone reinforcement for groups of 1/2 in. or smaller diameter tendons in slabs (other reinforce- o 


WWW. ment not shown). 
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8 5 M a Rr 1 2 ci... 
Design of Formwork for P-T (26.11.1.2(5) and (6)) 


¢ Members may move when P-T strand is 
stressed 


s Movement may redistribute loads 
* Added requirement to allow for movement 
during tensioning 


* Added requirement to consider 
redistribution of loads on formwork from 
tensioning of the prestressing reinforcement 
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Precast/Prestressed Concrete 


WWW.CONCRETE.ORG/ACI318 


Confinement for 
column/pedestal 
tops 

Connection forces 


Construction 
document 
requirement 


o at ends of precast 
members 


E ee NT sad MO 


Confinement 


* 10.7.6.1.5: confinement required at tops of 
columns/pedestals 

e Assists in load transfer 

* Nota new provision 


Two No. 4 or 
Three No. 3 Ties 


WWW.CONCRETE.ORG/ACI318 


E ee es! A ee 


Confinement 


e 10.7.6.1.6: extends confinement 
requirement to precast columns/pedestals 


"TTT 
Future precast! 1... Lj 
member ——  — 1 
a 5 In 
coupler- 


Two No. 4 or E 
Three No. 3 fies ^ 
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Volume Change in Precast Connections 


e Volume change 
— Creep 
— Shrinkage 
— Temperature 
e May induce connection reactions if restrained 
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E ee Nr sa OS 


Volume Change in Precast Connections 


* Load magnitude? 
s Load factor? 


* Past guidance for 
brackets and corbels 
— Use N,. 2 0.2V,, as 1 
restraint force 
— Use a 1.6 load factor 
e Approach was often 
to design around 
forces 


Compression strut 
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re sad MO 


Volume Change and Connections 


318-19 changes (16.2.2.3) 
* N,. = factored restraint force, Bearing 


shall be (a) or (b) as |^ reinforcement) 

— (a) restraint force x LL factor (no A 
bearing pad) "BB ë | 

— (b) 1.6 x 0.2(sustained unfactored K S 
vertical load) for connections on to anchor o B 
bearing pads stirrups or ties 

* Nucmax $ connection capacity x 
LL factor 


* Nucmax $ 1.6 X U x (sustained 
unfactored vertical load) if u is 
known, (See 16.2.2.4) 
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Brackets and Corbels 


e 26.6.4.1(a) Details for welding of anchor 
bars at the front face of brackets or corbels 
designed by the licensed design 
professional in accordance with 16.5.6.3(a). 


Primary reinforcement 


Bearing 
plate 


weld = 3 d, 


Dens. 


[mm 


Framing bar 
to anchor 


Anchor bar stirrups or ties 


Fig. R16.5.6.3b Fig. R16.5.1b 
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Ap (closed 
stirrups or 
ties) 


Asc (primary 
reinforcement) 


101 


re s dS 


Strength Reduction Factor 


Near end of 1.0 
precast member  ,, 
* Linear 
interpolation 4 s 
of $ 0.7 
* p depends T 
on state of 
stress 0.5 
End of 
member 


Distance from free end of strand 
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Strength Reduction Factor 


Near end of 
precast member o9 


e Similar for 
debonded d 


strand 0.7 
End of transfer 


0.6 4 of strand length 


0.5 
Debonded 
length 
End of 
l fg or 2f 
member am E z 


End of development length 
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Variable definitions (22.5) 


« 22.5 One-way shear 


— Interpretation for hollow circular sections 


opening 
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E NEN Br "es a0 
Variable definitions (22.5) 
e 22.5.22 - calculation of V, and V, 
— d=0.8 x diameter 


— b, = diameter (solid circles) 
—b,72xwallthickness (hollow Re 


d = 0.8D 


py = A,lb,d 


b, =D 
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E NEM Br. isa — M 
Variable definitions (22.5) 


* What about A;? 
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Torsion for circular sections (R22.7.6.1.1) 


e Do ACI 318 torsion equations apply to 
circular cross sections? 


* Code Eqns are based on thin-tube theory 
* Examples added to figure 


Closed stirrup Opening 


Aon = dark shaded area 
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Circular Column Joints 


e Based on equivalent 
square column 


- A; for joint shear strength p = 0.89D 


(15.4.2) 

— Width of transverse 
beams required for joint 
to be considered 
confined (15.2.8) 

— Column width 2 20 d, for 
special moment frames 
(18.8.2.3] 
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Column 


Effective joint area, Aj Effective joint 


width = lesser of 


Wer 
LESE Ng 
h = Joint depth in 


plane parallel to 
reinforcement 
generating shear 
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Scope of walls 


* Change in scope 


11.1.4- Design of cantilever retaining walls shall be 
in accordance with Chapter 13 (Foundations) 
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Scope of walls 


e Added scope 


11.1.6- CIP walls with insulated forms shall be 
permitted by this code for use in one or two-story 
buildings 

* Design according to Chapter 11 

* Guidance - ACI 560R and PCA 100-2017 | 

* Unique construction issues nd Constucton wih 


Insulating Concrete 
Forms (ICFs) 
Reported by ACI Committe 


e 560 


KO 
Y 
- 
© 
To 
L 
«t 


Photo courtesy Larry Novak 
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11.7.2.3 Bar placement 


e |f wall thickness h > 10 in. 


e Two layers of bars one near each face 
e Exception, single story basement walls 


e Confusion with exterior and interior 
— Face versus walllocation 
e l5 to 2/3 was arbitrary 
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14.6 Plain concrete 
At windows, door openings, and similarly sized 
openings 


* Atleast two No. 5 bars (similar to walls 
11.7.5.1) 


* Extend 24 in. beyond or to develop f, 


2-No. 5 bars 


224in 
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8 5 5 5 M naL 13 2 ii... 
Ch. 13 - Foundations - significant changes 


e Added design provisions 
— Cantilever retaining walls 


— Deep foundation design 


e Other 


— Minimum concrete strengths for shallow and deep 
foundations 


— Cover 
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Foundations and 318 


e ACI 318-71 to ACI 318-11 
(Ch. 15) 


e Shallow footings, pile caps 


e ACI 318-14 (Ch. 13) 


e Shallow footings, pile caps 
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Foundations and 318 


e ACI 318-71 to ACI 318-11 
(Ch. 15) 


e Shallow footings, pile caps 


Pile cap Column 


e ACI 318-14 (Ch. 13) 


e Shallow footings, pile caps 


Piles 


Deep foundation system 


e ACI 31 8 al 9 (C h . 1 3) Mat foundation with piles and pile cap 


Counterfort 


* Shallow footings, pile caps, 
deep foundations, and walls stem 
of cantilevered retaining 

Toe 

walls Kem 
(optional) 

Heel 


Stem 


Toe 


Key 
optional 
(op Heel 


Counterfort/buttressed 
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Cantilever retaining walls 


It's a slab 
(2019) 


It's a wall 
(2014) 
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13.3.6.1—Cantilever stem walls 


* Design as one-way slab (Ch. 7) 


Stem 


Toe 
Key 
(optional) 

Heel 
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13.3.6.2—Cantilever stem wall with counterfort 


* Design as two-way slab (Ch. 8) 


Counterfort 
Stem 


Toe 


Key 
(optional) 
Hee 


Counterfort/buttressed 
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Maximum bar spacing in stem wall 


Maximum Design as 


Designas| Maximum 
wall bar spacing 
(2014) (2019) 


one-way 
slab 
(2019) 


Stem wall bar 
reinforcement spacing 
(2014) 


Longitudinal 
Lesser of: B 


(Sw 
[3| —— [eG 
Long. (Wall) or | 
Flexural (Slab) s (42) 

Í, 


Trans. (Wall) or 
S & T (Slab) 
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Minimum reinforcement in stem wall 


ACI 318-14 ACI 318-19 


Minimum Designas 
Minimum Design as reinforcement one-way 
reinforcement, p wall A sin slab 


S No. 5 

pe = 0.0012 1161 A, min = 0.0018 A, 
>No. 5 na 

Pe = 0.0015 
< No. 5 

DL = 0.0020 11.6.2 Acut = 0.0018 A, 
» No.5 

p, = 0.0025 
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E NEM Br. ee! 3 2 — M 
1.4.7— Scope changes - deep foundations 


e Scope: This code does not govern design and 
installation of portions of concrete pile, drilled piers, 


and caissons embedded in ground, except as 
provided in (a) through (c) 
* (a) For portionsin air or water, or in soil incapable of providing 
adequate lateral restraint to prevent buckling throughout 
theirlength 


* (b) For precast concrete piles supporting structures assigned 
to SDC A and B 


* (c) For deep foundation elements supporting structures 
assigned to SDC C, D, E, and F (SDC C is added to scope) 
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Deep Foundations (13.4) 


* 13.4.1 General 

e 13.42 Allowable axial strength 

* 13.4.3 Strength design 

e 13.4.4 Cast-in-place deep foundations 
e 13.4.5 Precast concrete piles 

e 13.4.6 Pile caps 
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Deep foundation - combine IBC & ASCE 7 


e ACI 318-19- 


— combined IBC 2015, ASCE 7-10, 
and ACI 318-14 with regards to 


design of deep foundations for 


earthquake resistant structures us 
(SDC C, D, E, and F) ACI 318 - 19 


Allowable axial 
strength/stress 
capacities 
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Pre- ACI 318-19 - design of deep 
foundations 


* ACI 543 - Piles (diam. < 30 in.) 


e ACI 336.3 - Design of drilled 
piers (diam. 2 30 in.) 


Guide to Des io her eiim 
and Installatio of Con e Piles 


Not code language 
documents 


Report on Design and 
Construction of Drilled 
Piers 


Also used deep footing provisions 
from: 


IBC and ASCE/SEI 7 


ACI 336.3R-14 


WWW.CONCRETE.ORG/ACI3 18 127 


E NEUE Br. istas Ñ 
Design of deep foundation members- 
compressive axial force (13.4.1) 


* Design axial strength of 
members in accordance to 
two methods: 

— Allowable Axial Strength Design 
(13.4.2) 
— Strength Design (13.4.3) 


E = M sek + ay |e Z 2 BS E - k Àm c à Le T es = S e m =—— 
Photos courtesy Larry Novak : aac. * 
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Allowable axial strength method (13.4.2) 


13.4.2.1 It shall be permitted to design a deep foundation 
member using load combinations for allowable stress 
design in ASCE / SEI 7, Section 2.4, and the allowable 
strength specified in Table 13.4.2.1 if (a) and (b) are 
satisfied 


(a) Deep foundation is laterally supported for its entire 
height 


(b) Applied forces causing bending moments less than 
moment due to an accidental eccentricity of 5 
percent of the pile diameter or width. 
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13.4.2 deep foundation design 


Table 13.4.2.1—Maximum allowable compressive 
strength for deep foundation members 


Maximum allowable 
Deep foundation member type compressive strength LU 
Uncased cast-in-place concrete drilled 
= 0.3/7 A, + 0. s 
or augered pile Pa Vode? 0.454 


Cast-in-place concrete pile in rock 
or within a pipe, tube, or other 
permanent metal casing that does not 
satisfy 13.4.2.3 


Metal cased concrete pile —04 
Bee | in accordance with 13.4.2.3 fe Ag 
Precast | Precast nonprestressed concrete pile | concrete pile = 0.33f/A, + 0.47,A, 
Precast prestressed concrete pile P, = (0.33f/' — 0.27fpc)Ag 


(4. applies to the gross cross-sectional area. If a temporary or permanent casing is 
used, the inside face of the casing shall be considered the concrete surface. 


Pa = 0.33//A, + 0.4f A, P 


714. does not include the steel casing, pipe, or tube. 
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Confinement of metal casing (13.4.2.3): 


Diam< 16 in. 


- not used to resist axial load gw Ha 


e sealed tip and mandrel-driven 
e seamless or welded seamless 


Metal 
casing 


Physical properties 

* wall thickness 2 14 ga. (0.068 in.) 
* f,2 30,000 psi 

* f,26f,,and 


* nominal diameter S 16 in. : 
=] Sealed 


| tip 
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Deep foundations - strength design (13.4.3) 


P 


X. 
"aM 
4 \ 

\ 


Method may be used any time 


Method must be used when pile 
does not meet criteria for 

allowable axial strength design —— 
— Soils do not provide lateral support 

— Momentis not negligible 


Use Section 10.5 (columns) 

m p 5 e Py 

— @M,2M, 

hais P, and M4calculated by 
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Strength design (13.4.3) - axial force, no moment 


Nominal axial compressive strength; P, P. M,= 0 
d Pimax E ut 
Maximum axial strength 
- For deep foundations members with ties | 
conforming to Ch. 13 (new in Table | 
22.4.2.1) | 


Table 22.4.2.1—Maximum axial strength 


W h ere : "M" Transverse 


reinforcement P aaas 


Ties conforming to 


22.4.2.4 iad 


P, = nominal axial strength at zero 


t e il Nonprestressed - 
ecceniīiricity RE Seca to | 085P, 
Po = 0.85f (As - As) + fA - 


Spirals 0.85P, 


Deep foundation member qu pow 3 gto 0.80P, 


| 
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Strength design (13.4.3) - axial force, no moment 


* Reduction factor - Table 13.4.3.2 Py M,- 0 


Table 13.4.3.2—Compressive strength reduction 
factors $ for deep foundation members 


Compressive strength 
Deep foundation member type reduction factors à 


Uncased cast-in-place concrete drilled or 
augered pilel!! 


Cast-in-place concrete pile in rock or within 
a pipe, tube, or other permanent casing that 
does not satisfy 13.4.2.3 


accordance with 13.4.2.3 
ee jo: 
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Deep foundations 


13.4.4.1 CIP deep 
foundations that are subject 
to (a) uplift or (b) M, > 0.4M,, 
shall be reinforced, unless 
enclosed by a steel pipe or 
tube 


Confined for ductility 


Reinforced for flexure 


Reinforced for tension 


Unreinforced 
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E NE Br. is 20M 
Table 19.2.1.1 - 
Additional minimum strength, f' 


E Min. f’ 
Shallow foundations 
Foundations in SDC A, B, or C | 2500 | 
Foundation for Residential and Utility .... 2 stories or less 
...stud bearing construction SDC D, E, or F 
Foundation for Residential and Utility .... More than 2 
stories....stud bearing construction SDC D, E, or F 


Deep foundations m 


Drilled shafts or piers 4000 


Precast nonprestressed driven piles 4000 
Precast prestressed driven piers EM 
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Concrete cover - deep foundations 


Steel pipe 
Table 20.5.1.3.4 
3 in. 1.5 in. 
Cast-in-place against Cast-in-place enclosed 
ground by steel pipe, 


permanent casing, or 
stable rock socket 
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Concrete cover - deep foundations 


Table 20.5.1.3.4 


OU 


1.5 in. precast nonprestressed — 2.5 in. precast nonprestressed 
and precast prestressed 2in. precast prestressed 


In contact with ground Exposed to seawater 
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Chapter 17 - Anchoring to Concrete 


e Reorganized 

* New content/design information 
— Screw anchors added 
— Shear lugs added 
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Sections 


e 17.1 Scope ° 
* 17.2 General 
* 17.3 Design limits 


* 17.4 Required 
strength 


* 17.5 Design strength 
* 17.6 Tensile strength 
e 17.7 Shear strength < 


e 17.8 Tension and 
shear interaction 
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17.9 Edge distances, 
spacings, and 
thicknesses to 
preclude splitting 
failure 

17.10 Earthquake- 
resistant design 
requirements 


17.11 Attachments 
with shear lugs 


E es, Br. isa — M 
Ch. 17 - Anchoring to Concrete 


Scope 


Headed studs and 
headed bolts het 


Hooked bolts 
Post-installed 
undercut anchors 
Post-installed - | 
expansion anchors ; " l | 


Post-installed EIE die 


adhesive anchors 
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New Content/Design Information 
e Post-installed screw anchors 


— pre-qualification per ACI 355.2 
s Attachments with shear lugs 
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Screw Anchors (17.3.4) 


* Forscrew anchors satisfying: 
—h,4, 2 1.5in. and 
- 5d, €h,, 10d, 

* Manufacturer provides h,,;, Aef 
and pullout strength 

e Concrete breakout evaluated 
similar to other anchors 
— 17.6.2 in tension 
— 17.7.2 in shear 
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Minimum Spacing (17.9.2a) 


e Screw anchor spacing limited per Table 


17.2.2a Greatest of: 
(a) Cover 
Spacing > 0.6h,; (b) 2 x max. agg. 


and 6d, \ (c) 6d, or per 
ACI 355.2 
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17.1.6 - Reinforcement used as anchorage 


~ ag End. 
m ! =" 
— 7 E oe 


Check anchorage for bars 

developed per Ch. 25 

* Check concrete LS 
breakout in tension (and get c 
maybe shear) E 

e Greater development 
length should be 
considered 
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17.1.6 - Reinforcement used as anchorage 


m s + L Hro 


¢ Straight bars behave 
like adhesive anchors 


e Hooked and headed 
bars behave like 
headed anchors 


e Anchor reinforcement 
may be an alternative 
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Shear Lugs (17.11.1) 


Shear lugs are 
fabricated from: 


e Rectangular plates 
or 


e Steel shapes 
composed of plate- 
like elements, 
welded fo an 
attachment base 
plate 
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Shear Lugs (17.11.1) 


Minimum four 
anchors 


Anchors do not 

" Fracture progression 
need to resist shear just prior to bearing failure 
forces if not welded (a) Just prior to bearing failure 


Anchors welded to = 
steel plate carry 
portion of total 
shear load 


(b) Just prior to anchor steel failure 
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Shear Lug Detailing (17.11.1.1.8) 


Anchors in tension, satisfy both (a) and (b): 
(a) hah, = 2.5 
(b) hc, 2 2.5 


Grout 


Ca. | | Cai | 


Elevation Elevation 


(a) Cast-in-place (b) Post-installed 
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Shear Lug Detailing (17.11.1.2) 


* Steel plate to have 1 in. dia. (min.) hole 

s Single plate - one on each side 

* Cross / cruciform plate - one each quadrant 
s More vent holes are not detrimental 


Plan Inspection holes Plan 
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Shear Lug Overturning (17.11.1.1.9) 


mames n 
lT 
n 
es 
— 
=e: 
— 
k 
n 
es 
e] 
[——— 
omm— 
e 
n 
es 
K 

K 

= 
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Bearing (17.11.2) 


j d V brg,sl E Vu 


e Where ¢= 0.65 


. Embeded Edge 
Base-Plate inverted 


Source: Peter Carrato 


WWW.CONCRETE.ORG/ACI3 18 153 


E C Br. sd — i 
Bearing Strength (17.11.2) Stitfener 


Grout 


* Bearing strength: D 


u ' Aer s 
Vins si m 1.7 f C Ay sl Virg „Sl SL, 2l 


* Ager, is the surface perpendicular to the 
applied shear: 
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Bearing Area 


Direction of 
shearload 


Direction of 
shearload 


Plan 


WWW.CONCRETE.ORG/ACI318 


Elavation parallal to load 


eue 


a 


Elevation pamendicular to load 


(a) Shear lug without stiffeners 


ty 2ta 
Elevation perpendicular fo load 


199 
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Stiffeners 


17.11.2.3 - If used, the length of shear lug 
stiffeners in the direction of the shear load 
shall not be less than 0.5h,, 


Stiffener 


Shear lug 
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17.11.2.2 - Bearing factor 


V 


brg ,sl 


Tension load = 1.7 f Ay "nm 


"ugs 1+ Py/(nN,,) S 1.0 

e P,- negative for tension 

s n- number of anchors in tension 

s N,, — Nominal tension strength of a single anchor 


No applied axial load: sr | 
Compression load: V,,, = 1 + 4Py/(Appf.’) S 2.0 


e P,- positive for compression 
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17.11.2.4 - Bearing for Multiple Shear Lugs 


* Ifc S0.2f'., use bearing from 
both lugs 
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17.11.3 - Concrete breakovt strength of 
shear lugs 


* Nominal concrete breakout strength of a 


shear lug 
— Use Anchor provisions of 17.7.2 


A 
V —t- Va y V. y Va y V) 


cb,sl E 
Aveo v 
" Where: Plan 
V, = 9), N f. (c) Petal Da T esl E Pf 
mapa vidi ae 


Elevation Section 
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17.11.3.4 - Breakovt for Multiple Shear Lugs 


* Determine for each potential breakout 
surface 


e Commentary directs to Fig. R17.7.2.1b 


If h <1 56g 
Aye = 2(1.5C41 1) ha 


If ha « 1.563, 
Ave = 2(1 5€a1,2)ha 
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Shear Lug Example 


= 


* Reinforced Concrete Design Manual 


e Anchorage example 20 
s See handout 


#4 ties (2) #4 diamond ties in top 5 in. 


Dy - 60 Kips m = 2 in. typ. 
ly = 75 Kips 
W, = £170 Kips 
Du = + 8 Kips 
Lu = t 9 Kips 
Wu = £12 Kips 16 in. 8 in. 
2 ft-8 in. 
Section A-A 
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1-1/2 in. x 1 ft-9 in. x 1 ft-9 in.steel plate 
W14 


(2) #4 ties plus 
(2) #4 diamond 
ties in top 5 in. 


3 in. 
non-shrink 
grout 


(4) 1-1/4 in. dia. 
anchor bolts 
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Shear Lug Example 
* Can wereplace upper ties with shear lug? 


— Remove shear from anchor rod design 
— May reduce bolt size/length 


— 1 I 1 Provide inspection holes in 
S | m L | | fy d e SI g N baseplate to allow inspection 
during grouting. 
1-1/2 in. x 1 ft-9 in. x 1 ft-9 in. £m. 
steel plate M 
#4 ties 
W14 
(8) #8 
7.5 in. 16 in 32 in 
3 in. 
gi 12.25 in. 


ha + lcn 
= 25.9 in. 


Section A-A 
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Size Shear Lug 


e Size shear lug so entire lug is effective 
— f47 l.5in. 
— Width = 1.5 in. + 4(1.5 in.) 
= /.5in. 
— Depth = 3in. + 3 in. 
= óin. 
— Stiffeners at least 0.5h,or1.5in. wide —tk-15 in. 


WWW.CONCRETE.ORG/ACI3 18 153 


E NE Br AS AO eae 
Shear Lug Example 


* Check anchor rod depth (only required if 
attachment has tension) 
=h hS .-h.2555(3mJe7.51. 
— h&/C42 2.5 — Ne, = 2.5 (8 in.) = 20 in. <= controls 


— Increase rod embedment 
from 18 in. to 20 in. 


164 
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Strength Checks 


P V ua, g = S d V brg; sl (bearing) 
S p Veb sı (concrete breakout) 
e $70.65 


1-1/2 in. x 1 ft-9 in. x 1 ft-9 in. 
steel plate 


W14 
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Bearing Strength Check 
j V ua, g = S d V brg, sl (bearing) 


= Viga — OU RID 
v eer, l D Du arg SP odi 


e For Tension on attachment, bearing is reduced 
n U bro, s E EP /(nNs) 
= = 1+(-116 kip)/(4 rods(72.7 kip/rod))= 0.601 
— Vprgsi = 1.7 (4500 psi) (7.5 in.) (3 in.) (0.601) = 103 kip 


* h Vua a = 0.65 (103 kip) = 67 kip > 30 kip OK 
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Concrete Breakout Strength Check 


* Vuag $9 Vco. (concrete breakout) 
* Vob st = (Avc/Avco) Vea, Uc y Us y Vb 
— Ave = [S" + 1.5 (32" -1.5")/2] (32")-(3") (7.5"] 
= 805 in.” 
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Concrete Breakout Strength Check 


E Veb, sı = (Avc/Aveo) Ped V Pe V Pa, v Vb 
— Aven = 4.5 Co)? = 4.5(15.25")2= 1047 in.2 


15€ 
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Concrete Breakout Strength Check 


© Vcbsi = (Ave/Avco) Yeav Uc y Pav Vp 
— Wavy = edge effect modification factor 
= 0,7 +03 2/1100 a 
= 0.7+0.3(12.25")/(1.5(15.25"))=0.861 
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Concrete Breakout Strength Check 


*  Vob,st = (Avc/Aveo) Yeav Uc y Pav Vp 
— U., = concrete cracking modification factor 


— Assume cracking and No. 4 ties between lug and 
edge (see Table 17.7.2.5.1) 


— Yev = 1.2 


— Y, y = member thickness modification factor 
-].0 (depth > 1.5 Ca) 


Vb = ie AC = 
= 9(1)(N4500 psi) (15.25")!^ = 36,000 Ib 
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Concrete Breakout Strength Check 


e Vebsi = (Avc/Avco) Yea,v Uc y Us y Vb 
= (805 in.?/1047 in.2)(0.861)(1.2)(1.0)(36 kip) 
= 28.6 kip 

* o Vep sı = 0.65(28.6 kip) = 18.6 kip < 30 kip —NG 
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Shear parallel to an edge or at a corner 


e Shear parallel to an edge wri 


= Ihe i772 185) [ TENES 


e Shear at a corner 
- 17.11.3.35 177 2.1 (d) 


— 


Anchor A 


V, => 


— 


Anchor A 
V, =p 
Cai 


Cap 
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Summary 


* o Veb si = 18.6 kip < 30 kip + anchor 
reinforcement required 
s From example: 


— all 4 rods resisting and supplementary 
reinforcement — $ Vebg = 29.4 kip 


— back 2 rods resisting and supplementary 
reinforcement —> o Vp, = 21.7 kip 


e Shear lugs not helpful for breakout 
* Helpful when shear in rods is controlling 
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* Both concrete and 
reinforcement are 


permitted to 
respond in the 
inelastic range 

e This is consistent 
with the strength 
design approach 
adopted throughout 
the Code 
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Seismic — Q, Cy, and R Factors (ASCE 7) 


Elastic response of , 4 
structure using C,T 
/ P VL xR, =V,xR 
Potential difference / 
between C,7, and 7 / 
In - 
/ 


/ / m > V 

af) 

d / | = l c 

/ / Actual clastic bi - V, 

/ / response of structure oe l Ky, 

/ l 
/ ac 
x 
Fully Yielded Strength ^| vxo 


Successive yield hinges 


V,x(Q -1} 


Design Force Level — f (C,7;) 


N âp Ae Lateral Deformation 
Drift under computed Design (Drift), A 
forces — f (T) drif 
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Seismic — Parameters 


ALO 
Parameter in ASCE 7-16 \ Example 7 


Table 12.2-1 

Special reinforced 
concrete shear walls 
(building frame system) 


Seismic Force Resisting 
System 


ASCE 7 Section Where 


Detailing Requirements Are ASCE 7 Section 14.2 


Specified s ibd Minimum Design Loads and 
Associated Criteria for 
Response Modification 6 Buildings and Other Structures 
Coefficient, R 
Overstrength Factor, Qo 2.5 
Deflection Amplification 5 
Factor, Cg 
SDC BNo limit 
Structural System SDC C No limit 
Limitations, Including SDC D160 ft 
Structural Height Limits SDC E160 ft 
SDC F 100 ft 
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Seismic 
e Controlled inelastic action is permitted at pre- 


determined locations, called plastic hinges 


* Typical plastic hinge locations are at the ends 
of beams in moment frames, and at the bases 
of shear walls 


Story Mechanism Sway Mechanism 


WWW.CONCRETE.ORG/ACI3 18 178 


A ee a A LS ` 


Seismic 


Í 
11 


"T" 
CE 
Valji; 


a) 


e Prescriptive rules for 


detailing of 
reinforcement are 


enforced, creating 
robust plastic hinges 
* Plastic hinging 
reduces the stiffness 
of the structure, 
which lengthens the 
period; and plastic 
hinges dissipate 
earthquake energy 


4c J ‘4 
Sis La (AVigau 


im. 
LZ 


P 
a } 
LA 


d 
: oA 


1 LA we #4 
LR 

| ri | 
vy 


ies | 
2221 1] LP IS 
l MUTA 


, d 
- 
z% v 
O 
NS 
UX 
< at 
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E NENNEN Br. ies 3 7 
18.6.3.1 and 18.8.2.3—Special moment frame 
beams (and joints) 


* Longitudinal Reinforcement 


D h,/20 (Gr 60) 
< 
@ interior joints,d, < h,/26 (Gr 80) 


3J f! bd 
> (Az +H) > a); Yee we 
0.020b,d ter sun = (4s 0r 43) = max 


S Í 
| \ b) a) 
M 2 2h; fy 
| ni M7 c) min 2 bars continuous 


0.025b„d (Gr 60) 


max M, at either joint 


(Mj or M3) at any section > n 
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18.6.4.4—Special moment frame beams 


e Transverse reinforcement 


d/4 
he — -5 < . 6 in. 
| 6d, (Gr 60), 5d, (Gr 80) 
s<d/2 c d/4 
xp in. oe a "ss 4 in. 


BII 


Hoops Hoops @ lap splice 


along 2h, — Stirrups with seismic hooks — -—V—- 
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18.4.3.3—Columns in intermediate moment 
frames 

* Hoopsor spirals required 
* First hoop at s5/2 from the joint 
face 


£,,/6 clear span 


C 2 [C;, e 
18 in. 


8d, (Gr 60) and 8 in. c. 
s. < 6d, (Gr 80) and 6 in. | 


1/2[c,, Col min 
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18.7.2, 18.7.3—Columns of SMF 


18.7.3.2 
m 2 Mnc 2 (6/5)2 Mnp.: 
— Exception, 18.7.3.1 


e Ignore check at top story 


where P, < 0.1A,f;, 
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Strong Column/Weak Beam M 
* Column dimensional PEN 
limits, 18.7.2 H Beam 
— Smallest dimension 2 12 in. | — T 
— Short side/long side 2 0.4 LN ) My 
* Flexural strength check, "n" 
d 
M 


E i NE Nr Ses | p 


18.7.4.3—Bond splitting failure in columns 


Splitting can be 
controlled by 
restricting the 

longitudinal bar 

size to meet 


1.256, € €,/2 


Woodward and Jirsa (1984) 
Umehara and Jirsa (1982) 


Sokoli and Ghannoum (2016) 
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18.7.5.3 and 18.7.5.5—Columns in special 
moment frames 


* First hoop at s,/2 from the 
joint face £,/6 clear span eo) 
€, 2 L Climax 
18 in. 
- | 6d, min (Gr 60), 5d, min (Gr 80) 


6 in. inc 
6d, min (Gr 60), 5d, min (Gr 80) 
So < “lCy, Col nin 


4+ (75) «6in;24in. 


be 
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18.14.3.2—Nonparticipating columns 


Clarification 

* Transverse spacing over full 
length is the lesser of 
— 6d, of the smallest long. bar 
— óin. 

* Transverse detailing along £. 
is according to 18.7.5.2 (a) 
through (e) 

— 18.7.5.2(f) is not required 
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Ch. 18.10—Special structural wall | : 
Py y u 
* Cutoff of longitudinal P 
bars in special L 


boundary elements 
e Reinforcement ratios at h, 


Special 
ends of walls boundary 


element 


« Shear demand 

* Drift capacity check 

* Detailing in special 
boundary elements e 

* Ductile coupled walls 


Shear wall 
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18.10.2.3(a)—Longitudinal bars 


* Previously, 

— tension (vertical boundary) reinforcement in 
special structural walls to extend 0.86, beyond 
the point at whichit is no longer required to resist 
flexure 

e Overly conservative 

— This was an approximation of d 

— Similar to beams which extend d, 12d, and £,/16 

— Actual behavioris different 
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18.10.2.3(a)—Longitudinal bars 


(a) Except at the top of ¢, l 

a wall, longitudinal oe 
reinforcement shall 
extend at least 12 ft 
above the point at 
which itis no longer sors rar 
required to resist 
flexure but need not 
extend more than @, 
above the next floor 
level. 


no longer 
required 
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18.10.2.3(c)—Longitudinal bars 


* Lap splices not 
permitted over h,, 
above (20 ft, max) 
and €, below 
critical sections 


Wall intersection 


boundary region Note: For clarity, only part of the required reinforcement is shown. 


Boundary region 


(b) Section A-A 
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18.10.2.4—Longitudinal reinforcement ratio 
at ends of walls 


h,/€, 2 2.0 


* Failures in Chile and 
New Zealand 


e lor2large cracks 


e Minor secondary 
cracks 


iainih: sities 
H 


iii 
: Ea nere sesiet IEEE 


(9 f; 40 MPa (9 fe» 60 MPa 
(5580 ps) (7250 ps) (2700 psi) 


Crack patterns for walls with fixed minimum 
longitudinal reinforcement content of 0.2596 (Lu 
et al. 2017) 
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18.10.2.4—Longitudinal reinforcement ratio 
at ends of walls 


New ratio 
64 f. 
i5 


s Many well 
distributed cracks 


e Flexure yielding 


p= 


Over length EOS s s iB opor poi Hail E 
(a) fe =40 MPa (b) f. =50 MPa (c) f; = 60 MPa 

(5583 psi) (7250 psi) (8700 psi) 

pe = 0.6496 fe = 0.7196 de 7 0.78% 


Crack patterns for walls with p according to 
equation (Lu et al. 2017) 
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18.10.2.4—Longitudinal reinforcement ratio 
at ends of walls 


Bar Cutoff 
* M,/2V, similar 
to wall with full 


(T ---------- 


reinforcement 
e M,/3V, good *, 
distribution ae 
* M/AV, J : : 
significant J ; j 
strain above l 
C ut off Reinforce ment tensile strain (75) Reinforcement tensile strain (%) Reinforcement tensile strain (74) 


a) 1/2 wall height b) 1/3 wall height c) 1/4 wall height 
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18.10.2.4—Longitudinal reinforcement ratio 
at ends of walls 


fosen Joast 
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18.10.2.4—Longitudinal reinforcement ratio 
at ends of walls 


Walls or wall piers with h,//£,, 2 2.0 must satisfy: 
a) Long. reinf. ratio within 0.15 €,, and minimum 


Íy 


b) Long. reinf. extends above and below critical 
section the greater of €, and M,/3V, 


c) Max. 5075 of reinf. terminated at one section 
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18.10.3—Shear amplification 


— — Moments from load 
combination, M, 


À == Amplified moments, Q, M,, 


Section (CS) gre aum : Macs Mor cs 


(a) Lateral b Wall (c) Shear (d) Moment 
forces elevation 


Fig. R18.10.3.1—Determination of shear demand for walls with h,A,, = 2.0 (Moehle et al 2011). 


e Similar to approach in New Zealand Standard, NZS 3101 
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18.10.3—Shear amplification 


18.10.3.1 The design shear force V, shall be 
calculated by: V, o, V, € XV, 


V, = the shear force obtained from Shear Stress, v/(f; ^5 
code lateral load analysis with ETT VE D 
factored load combinations EHI 


Q, = overstrength factor equal to the 
ratio of M,,/M, at the wall critical 
section. 


1 
B I 


œ, = factor to account for dynamic 
shear amplification. 


Max/Min Shear Force, V (kips) 
Gogus and Wallace, 2015 
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18.10.3—Shear amplification 
18.10.3.1.2 - Calculation of Q, 


Table 18.10.3.1.2—Overstrength factor Q, at critical section 


| condition | 
M,,/M,E! 
1.5/2] 


Ayeslly >1.5 Greater of 
Pec! Ey € 1.5 1.0 


[1] For the load combination producing the largest value of O. 
[2] Unless a more detailed analysis demonstrated a smaller value, 
but not less than 1.0. 
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18.10.3—Shear Amplification 
18.10.3.1.3 - Calculation of c, 
h,.,/2, < 2.0 > 0,721.0 
h,-s/€y 2 2.0 > œ, = 0.9 + n,/10 for n, S 6 
œ, = 1.3 + n,/30<1.8 forn,>6 


where n, 2 0.007h,,., 


n, = number of stories above the critical section. 
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18.10.4.1—Shear strength, V, 


No Change 


* The code shows change bars at this 
location; rewording only 


* Shear calculations for Chapters 11 and 18 
were harmonized 


* 11.5.4.3 is now similar to 18.10.4.1 
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18.10.4.4—Clarification of A. 


A., = gross area of concrete 
section bounded by web 
thickness and length of 
section in the direction of 
shear force considered in the 
case of walls, and gross area 
of concrete section in the 
case of diaphragms. Gross 
area is total area of the 
defined section minus area of 
any openings. 


Aw wall T AcwitAcwatAcw3 


Vertical wall segments 
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18.10.6.2—Displacement based approach 


Boundary elements of 
special structural walls: 


e Walls or wall piers 
with h,,.,/€,, 2 2.0 

e Continuous 
— Uniform for full height 


* Single critical ae 
(yielding) section 
— Plastic hinge Single critical section 
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18.10.6.2—Displacement based approach 


(a) Compression zone with 
special boundary elements 
required if: 


1.56, a A 
h 600c 


WCS 


e c= [P , OM, )max in direction of 


design displacement 6, and 


- §,/h,.. 2 0.005 


Single critical section 
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18.10.6.2—Displacement based approach 


(b) Boundary elements req'd, then (i) and 
either (ii) or (iii) 


i. Transv. reinf. extends above and below 
critical section [€,, M,/4V Umax 


i. > JOON 


Errata 


lii. 6./h,., 21.5 6,/ hye, , where 


Bul 1-2 (| )- > 0.015 
h 100 sf A, 
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18.10.6.4—Special Boundary Elements 


* Single perimeter hoops with 90-135 or 135- 
135 degree crossties, inadequate 


~ 


EER 1 
m MAS RE an rs 
A rere 
É s “aA 
—— T i "My, t 
QccWANEAENDASSSRY22 ; dum 
RER R Re. T nC Ina 
ae acs E "vs 
- aa ex no, ^ 
AS Shep T STR ht Is 
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18.10.6.4(f)—Special Boundary Elements 


Longitudinal bars supported 

—— by a seismic hook or corner of 
Hoop Overlap a hoop 

at least min. of 

(6 in. and 25/3) 


Supplemental crossties 
Hoop #1 


Longitudinal web reinforcement 


Horizontal web 
reinforcement, A, crosstie 


T 
L 


(b) Overlapping hoops with supplemental 135-degree crossties and 135-degree crossties 
supporting distributed web longitudinal reinforcement 


WWW.CONCRETE.ORG/ACI3 18 208 


E NE Br. Bes O — M 
18.10.6.4(h)—Special Boundary Elements 


* Concrete within the thickness of the floor 
system at the special boundary element 


location shall have specified compressive 
strength at least 0.7 times f. of the wall. 


Floor slab 
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18.10.6.4(i)—Special Boundary Elements 
e 18.10.6.4(i) - for a distance specified in 
18.10.6.2(b) above and below the critical 
section, web vertical reinforcement shall 
have lateral support 
— crossties vertical spacing, s, € 12 in. 


Hoop Overlap 
Supplemental crossties inei pa 
Hoop #1 wd ) Hoop #2 Longitudinal web reinforcement 


om di 
ee 

Horizontal web Through web 

reinforcement, A, crosstie 


(b) Overlapping hoops with supplemental 135-degree crossties and 135-degree crossties 
supporting distributed web longitudinal reinforcement 
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18.10.6.5(b)—If the maximum longitudinal p at 
the wall boundary exceeds 400/f, 


Table 18.10.6.5b —Maximum vertical spacing of transverse E at wall boundary 
Vertical spacing of transverse reinforcement! 


Grade of primary Transverse reinforcement 


flexural reinforcing required 
bar 


Within the greater of £,, and 
M,/AV, above and below 
critical sections? 


Other locations 


Within the greater of 2,, and 
M,/AV, above and below 
critical sections? 


Other locations 
Within the greater of 2,, and 
M,/AV, above and below 


critical sections? 


Other locations 
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Lesser of: 


Lesser of: 


Lesser of: 


Lesser of: 


Lesser of: 


Lesser of: 


6 d, 
6 in. 
8 d, 
8 in. 
5 d, 
6 in. 
6 d, 


6 in. 


4d, 


6 in. 


6d, 


6 in. 
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18.10.9—Ductile Coupled Walls 


Issues preventing ductile behavior 


f£, d 
Inadequate quantity or LT 
distribution of qualifying 
coupling beams || Tu 
Presence of squat walls causes | uU 
the primary mechanism to be 
shear and/or strut-and-tie "a E 
failure in walls || 

E 
E 


Coupling beams are 
inadequately developed to 
provide full energy dissipation 


VPN N ARDT ATTA AAT AD AD AD AT e e AD AD MO AD RO RO Ro e ATT AD AU 
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18.10.9—Ductile Coupled Walls 


* Individual walls satisfy o5 8 
adim mE, FL T jd 
* All coupling beams must 
satisfy: E 
- Lh 2 2 at all levels | 
E 
E 
E 
E 


— /h«5ata floor levelin at 
least 9076 of the levels of the 
building 

— Development into adjacent 
wall segments, 1.25f, (18.10.2.5] 


Hiss 


DSTA ATTA AAA AT ATA MO AD RO RO Ro e ATT ATK 
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ACI318-19 


n Concrete Institute 
Always advancing 


Changes to the Concrete 
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18.13.4—Foundation seismic ties 


SDC C through F 

* Seismic ties or by other means 
SDC D, E, or F, with Site Class E or F 
* Seismic ties required 


Other means, 18.13.4.3 


e Reinforced concrete beams within the slab-on- 
ground 


e Reinforced concrete slabs-on-ground 


* Confinement by competent rock, hard cohesive 
soils, or very dense granular soils 


e Other means approved by the building official 


WWW.CONCRETE.ORG/ACI3 18 219 


oe ON 
18.13.4.3—Seismic ties 


Column 
load 


Minimum tensile and 
compressive force in tie 
* Load from pile cap or 

column 

— Largest at either end Tie force 
* 0.1$5; x Column factored 

dead and factored live 

load 


<> 
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18.13.5—Deep foundations 


* (a)Uncased CIP concrete drilled or 
augered piles 


* (b) Metal cased concrete piles 
* (c) Concrete filled pipe piles 
* (d)Precast concrete piles 
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18.13.5.2—Deep foundations 


SDC C through F 
* Resisting tension loads 


> Continuous longitudinal 
reinforcement over full length to 
resist design tension 
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18.13.5.3—Deep foundations 


Pile cap 


SDC C through F 


e Transverse and 
longitudinal 
reinforcement to 
extend: 


— Over entire unsupported 
length in air, water, or 
loose soil not laterally 
supported 
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18.13.5.4 and 18.13.5.5—Deep foundations 


SDC C through F 


* Hoops, spirals or ties 
terminate in seismic 
hooks 


Soft 


SDC D, E, or F, with Site ee 

Class E or F 

* Transv. reinf. per column 
req. within seven 
member diameter 


e ASCE 7, soil strata 
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18.13.5.6—Deep foundations 


e SDC D,E, or F 


— Piles, piers, or caissons and 
foundation ties supporting 
one- and two-story stud 
bearing walls 


— Exempt from transv. reinf. of 
18(13)5.3 through 18(13)5.5 


Errata 
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18.13.5.7—Uncased cast-in place piles 
SDC C 


Pile cap 


1/3 Eae 
e > 
fbar Z ie ? Closed ties or 
pile : 
Distance to 0.4M,, > M, Riana 


‘Transverse confinement zone 
* 3 die from bottom of pile cap 
e s€&óin.; 8d, long. bar 


Cbar 


«Extended trans. reint. 


e s $ 16d, long. bar 
Pmin 2 0.0025 


tbar = minimum reinforced pile length 
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18.13.5.7—Uncased cast-in place piles 


SDC D, E, and F with Site duan 
Class A, B, C, and D 


Closed ties or spirals 
2 


1/2 Eas No. 3 (s 20 in.) or No. 
© Cbar 10 ft 4 (> 20 in.); 18.7.5. 

3d pile 

Distance to 0.4M., > M, 


‘Transverse confinement zone 
* 3d,ji- from bottom of pile cap 
e Sof 18.7.5.3 
* pmin2 0.06 f. '/fy, 


K 

[e] 

Q 
So 


«Extended trans. reint. 
l 12d, long. bar Prin 2 0.005 


ss 


0.5d,ie 

12 in. M. l 
fbar = minimum reinforced pile length 
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18.13.5.7—Uncased cast-in place piles 


SDC D, E, and F with Site CACAR 
Class E and F 


Closed ties or spirals 
> 


No. 3 (< 20 in.) or No. 


el ar Full length of pile (some 4 (> 20 in.); 18.7.5. 


exceptions) 


eTransverse confinement zone 
* 7 dpie from bottom of pile cap 
e Sof 18.7.5.3 
* Pmin2 0.06 LIL 


Cbar 


«Extended trans. reint. 


Pmin 2 0.005 
l 12d, long. bar 


ss 


0.5d nie 
12 in. 


fbar = minimum reinforced pile length 
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18.13.5.8—Metal cased concrete piles 
SDC C through F Pile cap 


s Longitudinal same as 
uncased piles 


e Metal casing replaces 
transverse reinforcement in 
uncased piles 


Cbar 


s Extend casing for £,,, 


t2 14 gauge 
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18.13.5.9—Concrete-filled pipe piles 


SDC C through F Pile cap 


3 
" D min 2 0.01 s 
ERR. 
* £4 pie E fetoiecor ES 
Eibar 
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18.13.5.10—Precast nonprestressed piles 
SDC C Pile cap 

Closed ties or spirals 
No. 3 (< 20 in.) or No. 
4 (> 20 in.); 18.7.5.2 


sE... Full length of pile 


‘Transverse confinement zone 
* 3d,ji- from bottom of pile cap 
e s S6 in.; 8d, long. bar 


Cbar 


«Extended trans. reint. 
e sin. 
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18.13.5.10—Precast nonprestressed piles 
SDC D, E, and F Pile cap 

Closed ties or spirals 
No. 3 (< 20 in.) or No. 
4 (» 20 in.); 18.7.5.2 


Same as SDC C 


‘Satisfy Table 18.13.5.7.1 for 
SDC D, E, and F 


Cbar 
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18.13.5.10—Precast prestressed piles 
SDC C through F Pile cap 


‘Satisfy 18.13.5.10.4 through 
18.13.5.10.6 

«Minimum amount and 
spacing of transverse 
reinforcement 


Ciar 
——» |t 
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18.13.6—Anchorage of piles, "me ana 
caissons e r 


SDC C—F 


e Tension loads: load path 
to piles, piers, or caissons 


* Transfer to longitudinal 
reinforcement in deep 
foundation 
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18.13.6—Anchorage of piles, piers and 
caissons 


18.13.6.2 SDC C—F 


e Anchor dowel between piles and 
pile cap 


18.13.6.3 SDC D—F 


e If tension forces and dowel post- 
installed in precast pile 


e Grouting system to develop min. 
1.25 f, (shown by test) 


aa 
Sinan va 
———, 


gm 
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21.2.4.3—9, Foundation elements 


SDC C—F 
* For foundation elements supporting the 
primary seismic-force-resisting system 
* for shear shall < the least value of 
— $ for shear used for special column 
— » for shear used for special wall 
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American Concrete Institute 
Always advancing 


Changes to the Concrete 
Design Standard 


VETT 


i 
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Ch. 20 - Yield strength determination 


e 318-19,20.2.1.2: 
Nonprestressed bar 
yield strength 
determination: | "—À 


GRADE 75 (520) 


— [he yield point by the 
halt-of-force method 2 A PISA SIEM GRADE 00 
- The offset method, using |#™ 
0.2 percent offset | GRADE 40 (280) 


Stress, MPa 


| ar BENE 
— A615 and A706 à 
additional requirements | "C 20 
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Ch. 3 - Update of ASTM A615-18*' 


e Latest ASTM A615 allows: 
— Gr. 100 
— Bars up TO No. 20 


WWW.CONCRETE.ORG/ACI3 18 


L 


< 


235 


Maximum Applicable ASTM specification 
value of f, or 
fy permitted Welded 
a e a for design Deformed Welded wire deformed 
e e e i calculations, psi Deformed bars wires reinforcement | bar mats 
Special 


A706"! 


A615, A706, A955, A996, 
A1035 


A615, A706, A955, A996, A1064", 
Lateral s » Special seismic systems A1035 A1064, A1022 A102218] 
of longitudinal 
A615, A706, A955, A996, 
= N MEE HEN 100.000 A1035 BAED pi gne 
concrete F 
confinement 
80,000 A615, A706, A955, A996 | A1064, A1022 | A1064, A1022 
ded 
_ Special momen, 80.000 
Special seismic frames! 
systems!) structural 
Speciala 100,000 


Spirals A615, A706, A955, A996 | A1064, A1022 | Not permitted 


100.0000 A1064, A1022 1 A1064, A1022 


* Main ch 
— Gr. 80 
— Gr. 100 
— Footnotes 
— Clarifications | KA 


plain wire 


A106419, 


A615, A706, A955, A996 A1064, A1022 A102216] 


welded deformed permitted 


| torsion | Longitudinal and transverse A615, A706, A955, A996 | A1064,A1022| A1064, A1022 EX 
Anchor Special seismic systems A706P1 Not permitted | Not permitted EA 


reinforcement 
80,000 A615, A706, A955, A996 A1064, A1022 | A1064, A1022 A1845] 
Regions Longitudinal ties 80,000 
designed using A615, A706, A955, A996 [ÑA 1064, A1022 | A1064, A1022 
strut-and-tie Other 60,000 
method 


|All components of special structural walls, including coupling beams and wall piers. 
PIASTM A615 Grade 60 shall be permitted if requirements of 20.2.2.5(b) are satisfied. 
Elin slabs and beams not part of a special seismic system, bars that pass through or extend from special structural walls shall satisfy 20.2 2.5. 

Longitudinal reinforcement with f, > 80,000 psi is not permitted for intermediate moment frames and ordinary moment frames resisting earthquake demands E. 

BlWelded deformed bar mats shall be permitted to be assembled using only ASTM A615 or A706 deformed bars of Grade 60 or Grade 80. 

(ASTM A1064 and A1022 are not permitted in special seismic systems if the weld is required to resist stresses in response to confinement, lateral support of longitudinal bars, shear, 
or other actions. 

UlThis application also includes shear reinforcement with a maximum value of 80,000 psi fy or fj: permitted for design calculations for diaphragms and foundations for load combina- 
tions including earthquake forces if part of a building with a special seismic system. 

©lshear reinforcement in this application includes stirrups, ties, hoops, and spirals in special moment frames. 
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shear reinforcement in this application includes all transverse reinforcement in special structural walls, coupling beams, and wall piers. Diagonal bars in coupling beams shall 
comply with ASTM A706 or Footnote [2]. 


8 5 5 5 M nam: 13 2 ici... 
Ch. 20 - Steel Reinforcement Properties 


Special moment 80.000 
Flexure; axial | Special seismic uns A706U1 
force; and systems Special structural 100.000 
shrinkage and walls i 


temperature A615, A706, A955, A996, 


[3] [4] 
100,000 A1035 


UAII components of special structural walls, including coupling beams and wall piers. 
PIASTM A615 Grade 60 shall be permitted if requirements of 20.2.2.5(b) are satisfied. 
BlIn slabs and beams not part of a special seismic system, bars that pass through or extend from special structural walls shall satisfy 20.2.2.5. 


(IL ongitudinal reinforcement with f, > 80,000 psi is not permitted for intermediate moment frames and ordinary moment frames resisting earthquake demands E 
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Ch. 20 -Seismic Requirements for A615 Gr. 60 


e Section 20.2.2.5 specifies 
— ASTM A706 Gr. 60 allowed 
— Requirements for ASTM A615, Gr. 60 
e Section 20.2.2.5(a) permits ASTM A706 
— Grade 60 
— Grade 80 
— Grade 100 
— (as discussed previously) 
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Ch. 20 -Seismic Requirements for A615 Gr. 60 


e Section 20.2.2.5(b) permits ASTM A615 
Grade 60 if: 
= f,, actual € f, + 18,000 psi 
- Provides adequate ductility (min. f,/f, 2 1.25) 
— Min. fracture elongation in 8 in. (10-14%) 
— Minimum uniform elongation (6-976) 

e Section 20.2.2.5(b) provides the A706 
elongation properties 
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Ch. 20 - Seismic Requirements for A615 


e For seismic design ASTM A615 GR. 80 and 
100 are not permitted 
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Ch. 20 - Steel Reinforcement Properties 


Special t 
S i l i i = 
ystems) A615, A706, A955, A996 
Special structu 
pecia M. Ta 100.000 
walls 


60,000 


A615, A706, A955, A996 


A615, A706, A955, A996, 
A1035 


Stirrups, ties, hoops 
80,000 Not permitted 


Longitudinal and transverse 60,000 A615, A706, A955, A996 


(This application also includes shear reinforcement with a maximum value of 80,000 psi f, or fr permitted for design calculations for diaphragms and foundations for load combina- 
tions including earthquake forces if part of a building with a special seismic system. 


IslShear reinforcement in this application includes stirrups, ties, hoops, and spirals in special moment frames. 


PlShear reinforcement in this application includes all transverse reinforcement in special structural walls, coupling beams, and wall piers. Diagonal bars in coupling beams shall 
comply with ASTM A706 or Footnote [2]. 


WWW.CONCRETE.ORG/ACI3 18 24] 


E NE Br. ies O — RM 
Ch. 20 - Steel Reinforcement Properties 


Anchor Special seismic systems 80,000 A706] 


reinforcement 
Other 80,000 ,000 A615, A706, A955, A996 


Regions Longitudinal ties 80,000 


designed usi 
esigne using A615, A706, A955, A996 
strut-and-tie Other 60,000 
method 


(All components of special structural walls, including coupling beams and wall piers. 

[ASTM A615 Grade 60 shall be permitted if requirements of 20.2.2.5(b) are satisfied. 

(Gln slabs and beams not part of a special seismic system, bars that pass through or extend from special structural walls shall satisfy 20.2 2.5. 

(Longitudinal reinforcement with f, > 80,000 psi is not permitted for intermediate moment frames and ordinary moment frames resisting earthquake demands E. 
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Ch. 26 - Tolerances for seismic hoops 
26.6.2.1(c) 


(c) Tolerance for spacing of hoops in members of interme- 
diate and special seismic systems: 


(1) Lesser of +1-1/2 in. and +1.5d; of the smallest longi- 
tudinal bar. 


(2) Lesser of —1 in. per ft of least side dimension of 
member and —3 in. 

(3) Spacing adjustments shall result in no more than two 
hoops being in contact with each other. 
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Design limits 


ACI 318-14 ACI 318-19 ó 
£g, = 0.003 Compression U 
e 0.75 
EN 0.65 
- d, Compression Tension 
controlled a ontrolled 
LLL 
£= 0.005 
~ Reinforcement closest d 
to the tension face 
0.90 
T 0.75 
0.65 
£,2 (Ey T 0.003) Tension 
Transition controlled 
Compression 
controlled Et = Ety Et = £y, + 0.003 
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Design limits 
ACI 318-19 


Reinforcement closest 
to the tension face 


£, 2 (£y, T 0.003) 
Í, 
€, = E 
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ACI 318-19 Provisions 7.3.3.1, 
8.3.3.1, and 9.3.3.1 require 
slabs and beams be tension 
controlled 


245 
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Design limits 
ACI 318-14 


Table 8.4.2.3.4—Maximum modified values of y; for 
nonprestressed two-way slabs 


Et 
Column Span (within 
location direction bstav) Maximum modified y; 
Corner ,— 
> 


sn 
dicular to | <0.75ov, | 20.004 1.0 
the edge 


Parallel to 
< > 
Interior Either <0.46v. | >0.010 
column direction 
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Design limits 
ACI 318-19 


Table 8.4.2.2.4—Maximum modified values of y; for nonprestressed two-way slabs 


Column location Span direction Vuy g, (within b,b) Maximum modified y; 
Corner column Either direction «x0.59v. >s» + 0.003 1.0 
Perpendicular to the edge <0.750v, >£» + 0.003 1.0 
Edge column = <1.0 
Parallel to the edge T | 2 b 
3/N b, 
1.25 
—————— £1.0 
Interior column Either direction 2g£5 + 0.008 14 ( 2 ) b 
3J\ b, 
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Design limits 


£g, = 0.003 Compression 


Reinforcement closest 
to the tension face 


Reinforcement ratio, Pic 


L = 4000 psi | f’. = 10,000 psi 


GR 60 2,2 0.0051 1.79% 3.42% 
GR 80 2,2 0.00575 1.24% 2.37% 
GR 100 ¢,20.0065 0.9296 1.7596 
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Design limits 


GR 60 GR 100 

Astci= 6 in. As 3.1 in? 

Mp, tci= 944 ft-kip M, 479 ft-kip 
Approximately 5096 of 


reinforcement achieved 8896 of 


nominal moment À 
Reinforcement ratio, Pici 


Grade | f= 4ksi | f, - 10ksi 


60 1.7996 3.4296 
d - 21 in. 80 1.24% 2.37% 
f, = 4000 psi 100 0.9296 1.7596 


16 x 24 in. beam 
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ACI 318-19 


n Concrete Institute 
Always advancing 


Changes to the Concrete 
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Development Length 


* Deformed Bars and Deformed Wires in 
Tension 
— Simple modification to 318-14 
— Accounts for Grade 80 and 100 


e Standard Hooks and Headed Deformed 
Bars 
— Substantial changes from 318-14 
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Development Length 


* Deformed Bars and Deformed Wires in 
Tension 


Bond Stresses 


-— 
T=Asfy 
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Development Length of Deformed Bars and 
Deformed Wires in Tension 


E 
1.0 
l EnS TET 
0.0 
80 100 180 


Unconfined Test Results Confined Test Results 


f, 44 = reinforcement stress at the time of failure 
fear = calculated stress by solving ACI 318-14 Equation 25.4.2.3a 
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Development Length of Deformed Bars and 
Deformed Wires in Tension 


e Modification in Tapie 25.4.2.3—Development length for deformed 


sim plified bars and deformed wires in tension 

provisions of No. and smaller | 

25 E 4 S 2 3 Spacing and cover d pe y Sii = 
S y g > NeW Clear spacing of bars or wires 

modification a dan 

factor based on | atleast d. and stirrups or ties 

grade of sunm 

reinforcement or 


Clear spacing of bars or wires 


e Modification in | pons developed or lap spliced 
Table 25.4.2.3 at least 2d, and clear cover at 


least d; 
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Development Length of Deformed Bars and 


Deformed Wires in Tension 


* Modification in general development length 


equation 25.4.2.4(a) 


La = | 3 fy eres) d, 


b 


e Provision 25.4.2.2 


Modification factors 

à : Lightweight 

y,: Casting position 

We: Epoxy 

y,:Size 

y, : Reinforcement grade 


Kj, 2 0.5d, for f, 2 80,000 psi , if longitudinal bar 


spacing « 6 in. 
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Development Length of Deformed Bars and 


Deformed Wires in Tension 


Table 25.4.2.5—Modification factors for development of deformed 
P and deformed wires in Tension 


Value of 
SREE factor Condition factor 


Lightweight concrete 
Lightweight A 
Normalweight concrete 


Grade 40 or Grade 60 
Reinf 
einforcement Grade 80 
grade y, 
| GradeiO O O O O O O O U U OO 


Epoxy-coated or zinc and epoxy dual-coated reinforcement 
with clear cover less than 3d, or clear spacing less than 6d, 
[1] 
KN Epoxy-coated or zinc and epoxy dual-coated reinforcement for 
all other conditions 
Uncoated or zinc-coated ee reinforcement 


No. 7 and | ——  No7andlgerbas sid bars 


Size y, 
No. 6 and smaller bars and deformed wires EE 


More than 12 in. of fresh concrete placed below horizontal E | 
Casting position!!! y, reinforcement 


o Other | 
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Example—Development Length of Deformed 
Bars and Deformed Wires in Tension 


Check development length of No. 8 longitudinal bar 
in a beam. Assume f’. = 4000 psi NWC, Grade 80 
reinforcement, 2 in. cover and no epoxy coating. 


" 8 d CES) " 


40 AV fe (8 + A) 
dp 
À = 1.0 
y, - 1.0 From Table 25.4.2.5 


y,- 1.0 Grade 40 or Grade 60 1.0 


v. 10 v 


Vier 10417 13 


Vg7 1.15 


confinement term (cy + K,)/d, = 2.5 (using the upper limit) 
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Example—Development Length of Deformed 
Bars and Deformed Wires in Tension 


Substituting in Eq. 25.4.2.4a: 


- s 80,0000 DAMU.) 
4 M0(1)44000 ae 


Jao) = 43.6 in. 
In comparison a similar bar with Grade 60 reinforcement; 


d= 


E 60,000 (DDA) 


400/400 — 25 Jao- 28.5 in. 


Increase of ^ 50 percent in development length for Grade 80 
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Development Length of Deformed Bars and 
Deformed Wires in Tension 


Differences in higher grade steel for 4000 psi 
concrete 


60 1.0 1.0 
80 1.15 1.5 
100 1.3 2.2 
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Development Length 


e Standard Hooks in Tension 
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Development Length of Std. Hooks in Tension 


* Failure Modes 


$ + 


Front Pullout Front Blowout Side splitting Side blowout Tail kickout 


* Mostly, front and side failures 
— Dominant front failure (pullout and blowout) 
— Blowouts were more sudden in nature 
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Development Length of Std. Hooks in Tension 


fyveW chr i 
504 y fe 


ACI 318 — 14: £g, (Eee 


= — 
D H 


— 
> 


Test/Calculated Stress (ACI), f,,/f, Ac 


Test/Calculated Stress (ACI), 


0 5 10 15 20 0 5 10 15 20 
Concrete Compressive Strength, fom (ksi) Concrete Compressive Strength, fom (ksi) 
Unconfined Test Results Confined Test Results 


L = stress at anchorage failure for the hooked bar 
f; ac) = stress predicted by the ACI development length equation 
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Development Length of Std. Hooks in Tension 


- 25.4.3.1—Development length of standard hooks in 
tension is the greater of (a) through (c): 


(a) rcd J15 ACI 318- 14 
55A J” 

(o) 8d, 
(C)  ó6in 


= (Sette) a, 
50A C 


- Modification factors 


W,.: Confining reinforcement (redefined) 
V, : Location (new) 


WP. : Concrete strength (new - used for coverin the past) 
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Development Length of Std. Hooks in Tension 


Table 25.4.3.2: Modification factors for development of hooked bars in 
tension 


Modification Condition Value of 
factor factor 


For 90-degree hooks of No. 11 and smaller 
318-14 bars 
Confining |(1) enclosed along CL within ties or stirrups 
reinforcement, perpendicular to £4, at s € 3d, or 
V, (2) enclosed along the bar extension 
beyond hook including the bend within ties 
or stirrups perpendicularto L... at s € 3d, 


318-19 For No.11 and smaller bars with 1.0 
Confining | Ap Z 0.4A,, or s Z 6d, 
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Development Length of Std. Hooks in Tension 


25.4.3.3: 


e Confining reinforcement (A,,) 
shall consists of (a) or (b) ^ 
— (a) Tiesor stirrups that enclose 

the hook and satisfy 25.3.2 Ties or stirrups 
Fig. R25.4.3.3a 
— (b) Other reinf. that extends at s: 
least 0.7524, from the enclosed — 
hook in the direction of the bar in 
tension and in accordance with 
(1) or (2) 
* parallel or perpendicular E 
(Fig. R25.4.3.3a and Fig. R25.4.3.3b) "Wu eei 
Fig. R25.4.3.3b 
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Development Length of Std. Hooks in Tension 


* (1) Confining 
reinforcement placed 
parallel to the bar (rypical 
in beam-column joint) 

— Two or more ties or stirrups 
parallel to £4, enclosing 
the hooks 

— Evenly distributed with a 
center-to-center spacing 
S 8d, Ties or stirrups 

— within 15d, of the l 
BST rada 15e straight Eee 
portion of the hooked bars 
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Development Length of Std. Hooks in Tension 


* (2) Confining 
reinforcement placed 
perpendicular to the 
bar 
— Two or more fies or stirrups 

perpendicular to £4, 
enclosing the hooks 


> 0.75/ an 


— Evenly distributed with a tb Ties or stirrups 
center-to-center spacing ° 
< 8db Fig. R25.4.3.3b 
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Development Length of Std. Hooks in Tension 


Table 25.4.3.2: Modification factors for development of hooked bars in 
tension 


Modification Condition Value of 
factor factor 


For No. 11 bar and smaller hooks with side 


cover (normal to plane of hook) > 2-1/2 in. 
and for 90-degree hook with cover on bar 
extension beyond hook > 2 in. 


318-19 For No.11 and smaller diameter hooked bars 
Location, y, |(1) Terminating inside column core w/ side 
cover normal to plane of hook > 2.5 in., or 
(2) with side cover normal to plane of hook > 


6d, 
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Development Length of Std. Hooks in Tension 


Table 25.4.3.2: Modification factors for development of hooked bars in tension 


Modification Condition Value of factor 
factor 


Concrete For F. < 6000 psi |f’./15,000 +0.6 
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Example—Development Length of Std Hook 


Check hooked bar anchorage of longitudinal beam 
reinforcement, 3-No. 10 bars in a 20 x 20 in. exterior 
column. Assume F. = 4000 psi NWC, Grade 60 
reinforcement, 2.5 in. cover normal to plane of hook, and 
no epoxy coating. Steel confinement is provided such that 


Ay, = 94 A,,. 
E [M T 
dh | ... Lr— di, 
X = 1.0 ood fe 
ye 7 1.0 
y, 7 1.0 
Y= 1.0 


yc =f'./15,000 + 0.6 = 4,000/15,000 + 0.6 = 0.87 
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Example—Development Length of Std Hook 
Substituting in the equation: 


(qnse DECIR) 
£ an = | ————————————— 


15 
(55)(1.0) 74,000 ee) 


En = 21.5 in. > 20 in. NG 


In comparison to the equation in 318-14: 
, = (Es ges 
dh — 


y. - 0.7 (2 -1/2 in. side cover and 2 in. 
back cover) 
y,- 1.0 


50A C 


Éan(318-14) = 16.9 in. < 20 in. OK 
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Example—Development Length of Std Hook 


Standard Hooked Bars; f. = 4000 psi 


30 
Z =O= 318-14 
E —o= 318-19 £ hy We V, Wo We 
£ dh — dp” 
: 55A f; 
E 

0 
0.5 0.7 0.9 1.1 13 15 Standard Hooked Bars; f', =6000 psi 


BarDiameter, in. 


25.00 
a ze 318-14 
E 20.00 =o= 318-19 
2 
p f Jy Te'Pc Tr ec $7 
dh — E 10.00 
504V fo HS ee S o O 
> 5.00 
a 
0.00 


Bar diameter: in. 
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Development Length 


* Headed Deformed Bars in Tension 
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Development Length of Headed Deformed 
Bars in Tension 


25.4.4.1 Use of a head to develop a deformed bar in 
tension shall be permitted if conditions (a) through (f) 
are satisfied: 


(a)Bar shall conform to 20.2.1.6 


(b) Bar size shall not exceed No. 11 

(c) Net bearing area of head A, shall be at least 4A, 

(d) Concrete shall be normalweight 

(e) Clear coverfor bar shall be at least 2d, 

(f) Center-to-center spacing between bars shall be at 
least 3d, 
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Development Length of Headed Deformed 
Bars in Tension 


0.016 
ACI318—14: fa = ud d 


de 


ba 4.0 @ No.5, 13.1Ab 
* No.5,4Ab 
- m 33.5 E] No. 8, 9.1-9.5Ab 
u 3.0 EM O No.8, 12.9-14.9Ab 
"ns R ad © No. 8, 4-4.5Ab 
Sas - A No.8, 6.5Ab 
X o 2.5 ^ No. 11,5.5Ab 
= 2 a © No. 11, 3.8-4.5Ab 
94^ o 2.0 O No.11,8.6Ab 
5 E = = No. 5, 13.1Ab 
E 1.5 *15 —— No. 5, 4Ab 
K 9 = . -NO. 8, 9.1-9.5Ab 
910 Sg 10 = = No. 8, 12.9-14.9Ab 
S r —— No. 8, 4-4.5Ab 
= 0.5 E 0.5 +» No. 8, 6.5Ab 


——- No. 11, 3.8-4.5Ab 


«^ No. 11, 5.5Ab 
0.0 — . -No. 11, 8.6Ab —— No. 11, 3.8-4.5Ab 
0 5 10 15 20 0.0 Ç : M Z L^ -No. 11, 8.6Ab 
cer a Concrete Compressive Strength, L (ksi) 
Unconfined Test Results Confined Test Results 


fu = stress at anchorage failure for the hooked bar 
f; ac) = stress predicted by the ACI development length equation 
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Development Length of Headed Deformed 
Bars in Tension 


- 25.4.4.2: Development length £y for headed 
deformed bars in tension shall be the longest of (a) 
through (c): 

ACI 318- 14 


(a) £4- [nen : E S ( d " 


NIS 


f , € 6000 psi 


(5) | 8d, 


(c) — Sd 


- Modification factors 
Pp: Parallel tie reinforcement 
yw, : Location 
Pe : Concrete strength 
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Development length of Headed 
Deformed Bars in Tension 


Table 25.4.4.3—Modification factors for development of headed bars in 
tension 


Modification Condition Value of factor 
factor 
Parallel tie For No.11 and smaller bars with A, 2 0.3A,, or 
reinforcement, s 2 6d, 


L 


For headed bars 


(1) Terminating inside column core w/ side 
Location, y, cover to bar 2 2.5 in., or 
(2) with side cover to bar > 6d, 


Concrete For T. < 6000 psi f’ Ix 000+0.6 
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Development Length of Headed Deformed 
Bars in Tension 


* Parallel tie reinforcement (A,) 


— locate within 8d, of the centerline of the headed bar 
towardthe middle of the joint 


Parallel tie reinforcement within [| 
8 dbp» of the vertical headed bar 


Direction of strut 


of strut 


Direction 
of strut 
Parallel tie 
Parallel tie reinforcement 
reinforcement within 8d), of E) 


within 8dp of T the horizontal 
the horizontal C headed bar 
headed bar 

(a) Horizontal headed bars (b) Vertical and horizontal headed bars 
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Example—Development Length of Headed 
Deformed Bars in Tension 

Check development length of No. 9 longitudinal bar in 
a beam. Assume f", = 4000 psi NWC, Grade 60 


reinforcement, 2.5 in. cover, and no epoxy coating. 
Steel confinementis provided such that A, = 0.3 A,- 


fat = [M dp” 


yo = 1.0 
yc =f'./15,000 + 0.6 = 4,000/15,000+0.6 = 0.87 
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Example—Development Length of Headed 
Deformed Bars in Tension 

Substituting in the equation : 


. (60,000) (1.0) (1.0) (1.0) (0.87) " 
dn (75) 4/5000 J028 


£4, = 13.2 in. 
In comparison to the equation in 318-14: 
eS 

dt = | ——————— 


= Jaze) 


E it(318-14) — 17.1 in. 
e Decrease in development length of headed bars in tension 


as per 318-19 in this example 
— No.11 and smaller bars with Ay O.3A; 
— bars terminating inside column core with side coverto bar 2 2.5 in 
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Example—Development Length of Headed 
Deformed Bars in Tension 


Headed bars, T. = 4000 psi, Unconfined 


c —9— 318-14 
— £ fyVe Waa WyPoW¢ 
S —e— 318-19 dt — 76 dp” 
: HS 
S 
E 
5 
E 0.016, We 
E far = | — — db 
o | | V fc 
0.5 0.7 0.9 1.1 1.3 1.5 
Bar diameter; in. 
Headed bars, f'. = 4000 psi, confined : l 
i f: psi, Headed bars, T. = 10,000 psi, confined 
16 
£ 38 —e— 318-14 g 14 —— 318-14 
[6] is o 
z —e— 318-19 3 12 ETT 
& 15 t» 10 
E o 
t g8 
10 c 
E E — - ————— 
E o 
P 5 utm $ ^3 
a L 2 
0 0 
0.5 0.7 0.9 1.1 1.3 1.5 0.5 0.7 0.9 1.1 1.3 1.5 
Bar diameter; in. Bar diameter; in. 
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ACI318-19 


n Concrete Institute 
Always advancing 


Changes to the Concrete 
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Shear equations change 


e One-way beam/slab shear - provision 22.5 
— Size effect 
— Reinforcement ratio 
* Two-way slab shear - provision 22.6 
— Size effect 
— Reinforcement ratio 
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Why shear equations changed in 318-19 


* Reasons for 
changes 
— Evidence shows 
e Size effect 
* Low p, effect 
* More prevalent 
— Deeper beams 
— Deep transfer slabs 
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Other shear changes 


s Wall shear equations 
— Chapter 11 now similar to Chapter 18 
* Shear leg spacing 
— Section spacing requirements 
* Biaxial shear 
— Engineer must consider 
* Hanger reinforcement 
— Commentary suggestion 
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American Concrete Institute 
Always advancing 


Changes to the Concrete 
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Why one-way shear equations changed in 318-19 


e ACI 445, Shear and Torsion 
— Four databases vetted and checked 


Beam types in database Number of samples 


Reinforced concrete w/o min shear 784 
reinforcement 


Reinforced concrete with min. 170 
shear reinforcement 


Prestressed concrete w/o min. 214 
shear reinforcement 


Prestressed concrete with min. 117 
shear reinforcement 


Total samples 1285 
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Why one-way shear equations changed in 318-19 


d = 10 in. — À,, size effect factor 


6.0 
5.0 - 
e V= 2A/f';b,d * ACLs 

4.0 2 
c 
E 
+ < 
E A, E A, min 
> 

Viest/ Vn =1 


0 20 40 60 80 100 120 


Depth, d (in.) 


Figure: Strength Ratio (Vestn) that was calculated b 318-14 Simplified 
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Why one-way shear equations changed in 318-19 


Vtest/Vn 


d = 10 in. — à, size effect factor 
Vd 
6.0 V.— 2AJ TOS V. = loaf c + 2500p, M. | byd 


5.0 ;* 


e ACLs ¢ACId 


4.0 
3.0 
2.0 
1.0 
0.0 
0 20 40 60 80 100 120 
Depth, d (in.) 


Figure: Strength Ratio (Vestn) that was calculated by bot 'ACI 318-14 [Simplified and Detailed 
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Why one-way shear equations changed in 318-19 


0.0018 — min. slab p, ^ 0.015 — p,, effect 
4.5 | 


4.0 
$9 
3.0 
EA 
2.0 
25 
1.0 
0.5 
0.0 


Vc = 2A, f'c bwd 


e ACI_sSE 


Vtest/Vn 


0.0 1.0 2.0 3.0 4.0 a0 6.0 7.0 


Longitudinal Reinforcement Ratio pw (%) 


Figure: Strength Ratio (Viest Vn) that was calculated by the Simplified Method of ACI318-19 including size effect 
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Why one-way shear equations changed in 318-19 


d = 10 in. — à, size effect factor 


a 
= 


2.5 


Strength Ratio (Vtest/Vn) 
LA 
Ln 


U 10 20 30 40 50 60 
Depth (inches) 
Figure: Strength Ratio (Viest Vn) that was calculated by the Simplified Method offACI 318-14 
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Why one-way shear equations changed in 318-19 


* Six different proposals considered 


— Proposals vetted and considered by 
e ACI 445 
e ACI 318 Subcommittee 
e Public discussion 
* Concrete International articles 


e ACI 318 selected one proposal 
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Initial one-way shear provision: goals 


Include nonprestressed and prestressed 
Include axial loading and size effect 
Include effect of (Lo) 

Continue to be proportional to ^f. 


And simple 

— Reduce total number of shear equations 
— Avoid increase in variables 

— Easy TO use 
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Initial one-way shear provision: issues 


* Initial proposal had issues 
— Unified expressions # Voi Vew 
— What happened to "2 Vf”??? 


2A 
or 
Dy * Pp 2 0.015 


v,min 


All cases 
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Initial one-way shear provision: goals 


Include nonprestressed end-prestressed 


Include axial loading and size effect 
Include effect of (p) 
Continue to be proportional to ^f. 


And simple 


ONE SIZE 


DOES NOT 
FIT ALL 


WWW.CONCRETE.ORG/ACI318 


299 


oe E as 
ACI 318-19 New one- way shear equations 


Table 22.5.5.1 - V. for A nas ——] 


Either 
7 E 


Notes: 
1. Axialload, N,, is positive for compression and negative for tension 
2. V.shall not be taken less than zero. 
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Effect of 6. 


ACI 318-19 Shear Equation 


n 
N 


N 


768 C 
Doa C 
HE C 
Doc C 
Do L C 
Do C 
Dap L 
768 L 
?6L L 
769 L 


m) 
NS 
v3 
gs. 
3 
Q 
N 
c 
CO 
(2,4)ubs / uA 


Dob T 
Dob L 
Doz L 
Doc L 
Do L T 
?60 T 
266 U 
268 0 
%L 0 
2690 
Dob U 
Dob O 
Doz U 
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Size effect- what is ^? 


Provision 22.5.5.1.3 defines A, as: 
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Size effect — what is 1? 4 — > <10 


S 


1.2 


0 12 24 36 48 60 72 84 96 108 120 
Depth in inches 
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Other limitations for Table 22.5.5.1 


* Provision 22.5.5.1.1: 
— Limits the maximum value of V. 


V. <54 f. b, d 


* Provision 22.5.5.1.2: 
— Limits the maximum value of the N,/6A, term 


N | 
— Z 0.05 
6A Je 


8 
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9.6.3.1 - Minimum shear reinforcement 


e ACI 318-14 
— A, min 'equired if V, > 0.5 oV,. 


e ACI 318-19 
— A, min required if V, > pà Vf- byd 


* Exceptions in Table 9.6.3.1 
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22.5.6.2.3—Prestressed members: 


Table 22.5.6.2—Approximate method for 
calculating V, 


Least of (a), (b), 


fine ow 


M, occurs simultaneously with V at thé section considered. 


PlWhen calculating the V,d,J M,, term in Eq. 22.5.6.2(a), d, is the distance from the 
extreme compression fiber to the centroid of prestressed reinforcement. It shall not be 
permitted to take d, as 0.807 as in 22.5.2.1. 
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Examples: SP-17(14) 5.7 One-way slab Example 1 


* Span = 14 ft 

* Live load = 100 psf 
* Slab = 7 in. thick 

e f, = 5000 psi 

* No. 5 bars at 12 in. pos 1 YN 
* d-éin. E — a 
e b-12in. 

* A, 70in 

* A, = 0.31 in.2/ft 
e Vy7 2.4 kip/ft 
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Examples: SP-17(14) 5.7 One-way slab Example 1 


e $P-17(14) One-way shear calc ACI 318-14 
ØV, = $2A4] f bd 


QV. = (0.75)(2)(1)./5000 psi (12in.)(6in.) 
QV. =7.6kip > 2.4kip -. OK 
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Examples: SP-17(14) 5.7 One-way slab Example 1 


e SP-17(14) One-way shear calc ACI 318-19 
* A, SA, min therefore use Eq. 22.5.5.1(c) 


ØV. = 984,A (o, 5 | f. bd 

— 031 
Pv 126) 
AV. = (0.75)(8)(1)(1) (0.0043) [5000 psi (12in.)(6in.) 
QV. = 5.0kip > 2.4kip -. OK 


= 0.0043 < low p, 
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Examples: SP-17(14) 5.7 One-way slab Example 1 


* V- ACI 318-19 < dV. ACI 318-14 
— 318-19 for the example given is ~2/3 of ACI 318-14 
— Effect of low pọ 
* Design impact 
— Thicker slabs if depth was controlled by shear in 
318-14. 


— No change if one-way slab thickness was 
controlled by flexure or deflections 
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Examples: Beam discussion 


* How many engineers design beams without 
minimum shear reinforcement? 


* One-way shear capacity impacted: 
— A, min DOT required and Ay min not used 
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Examples: Beam discussion 
* Where A, min installed, Eq. 22.5.5.1(a) V.» (2f.), 
— ACI 318-14 - ACI 318-19 


— Eq. 22.5.5.1 (b) of Table 22.5.5.1 permitted 
> dV. 1 p,» 0.015 


* Provisions encourage A, min 
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Examples: SP-17(14) 11.6 Foundation Example 1 


£z 12ft 

h » 30 in. 
d-25.5 in. 

f. = 4000 psi 
13-No. 8 bars 


24 in. x 24 in. 


6 in. basement slab 


b-12ft 

A, = 0 in? Ext 

A E 10 27 in 2 Fig. EI.1 —Rectangular foundation plan. 
S E e e 


Analysis V,,= 231 kip 
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Examples: SP-17(14) 11.6 Foundation Example 1 


¢ $P-17(14) One-way shear calc ACI 318-14 


dV. = 924A f. bd 


ØV. = (0.752) /4000 psi (144in.)(25.5in.) 
ØV. = 348kip > 231kip -. OK 
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Examples: SP-17(14) 11.6 Foundation Example 1 


* SP-17(14) One-way shear calc ACI 318-19 
* A, SA, min, Eq. 22.5.5.1(c) 
e Per ACI 318-19 (13.2.6.2), neglect size effect 
for: 
— One-way shallow foundations 
— Two-way isolated footings 
— Two-way combined and mat foundations 


WV, = 98A(p, ^ d T bd 
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Examples: SP-17(14) 11.6 Foundation Example 1 


e S$SP-17(14) One-way shear calc ACI 318-19 
* A, SA, min, Eq. 22.5.5.1(c) 


ØV, = PBA Cp, )^ V L hd 
10.27 in? 

Pw ^ 144 in25.5 in) 

ØV, = (0.75)(8)(1) (0.0028 )/5 [4000 psi (144in.(25.5in.) 

ØV. =196kip < 231kip -. NG 


= 0.0028 
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Examples: SP-17(14) 11.6 Foundation Example 1 

* SP-17(14) One-way shear using ACI 318-19 

* Ay S Ay min: Eq. 22.5.5.1(c) 

* Per ACI 318-19, 13.2.6.2, neglect size effect 

* Add 6in. thickness 

ØV, = PBA Cp, ^ V L hd 


- 2 
p. EM: — 0.0023 
(144 in)31.5 in.) 


QV. = (0.75)(8)(1) (0.0023) 4/4000 psi (144 in.)(31.5 in.) 
QV. = 226 kip < 231 kip... Say OK? 
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Examples: SP-17(14) 11.6 Foundation Example 1 


e Foundation V. ACI 318-19 < oV. ACI 318-14 
— 318-19 for this example given is ~1/2 of ACI 318-14 
— Effect of low pọ 

* Design impact 
— Increased thickness; or 
— Increase flexural reinforcement; or 
— Increase concrete strength; or 
— Combination 
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Examples: Grade beam 


Infill wall 

— V,-1 kip/ft 
— V,,~8.3 kip ea. end 
Grade beam 

— b, =12 in. 

— d= 20in. (h = 24 in.) 
— f, = 4000 psi 
—{=20fft 

— Pw = 0.0033 


Grade Beam Fig. 
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Examples: Grade beam 


¢ Infill wall e ACI 318-14 
- V,71 kip/ff WV, = 9244 .b,d 


~V,~8.3kipea.end d = 0.75(2)(1) ¥4000(12)(20) 


V =22.8kip .. OK 
* Grade beam A amin | 
V, « (01/2)9V, >. A, min not required 
— b, =12in. 


e ACI 318-19 
— d = 20 in. (h < 24 in.) s 
QV. — 08A. ACP ) ^ 4 f .b,d 
_ f = 4000 psi E 
={ e) ft A, = "o 
— p, = 0.0033 10 


ØV. = 0.75(8)(0.82)(1)(0.0033)* 4/4000 (12)(20) 
dU. =11.1kip -. OK 


V, < (AA f .b,d =11.4kip -. A, „n not required 
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Why two-way shear provisions changed in 318-19 


s Eqn. developed in 1963 for slabs with t < 5 
in. and p» 1% 

* Two issues similar to one-way shear 
= Ze ONGC] Table 22.6.5.2 — Calculation of v, for two-way shear 
— Low p 


Least of (a), (b), 
and (c): 
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Two-way shear size effect 


* Table 22.6.5.2—v. for two-way members 
without shear reinforcement 


Least of (a), (b), 
and (c): 
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Two-way shear low peffect 


* D,Lonly, cracking ~2,/f/.; punching 4f; 

* Aggregate interlock 

* Low p» bar yielding, 1 rotation, "crack 
size, allows sliding of reinforcement 


* Punching loads < 4f. 
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Why two-way shear provisions changed in 318-19 


New two-way slab reinforcement limits 
8.6.1—Reinforcement limits 


j Å; min > 0.001 8A, 


e If v, > 02A f. on the critical section 


Then A > Mw stab 0 


uv“ slab” o 
s,min 


da, f, 
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Why two-way shear provisions changed in 318-19: 
8.4.2.2.3 


8.4.2.2.3 The effective slab width 5,5 for resisting y,M;. 
shall be the width of column or capital plus a distance on 
each side in accordance with Table 8.4.2.2.3. 


Table 8.4.2.2.3—Dimensional limits for effective 
a width 


| Distance on each side of column or capital — | on each side of column or | Distance on each side of column or capital — | 


Without mM panel 1.5/ of slab 
Lesser 
or shear cap Distance to edge of slab 


1.5h of drop or cap 
With drop panel or 


shear cap Lesser Distance to edge of the drop or 


cap plus 1.5/ of slab 
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Table 8.4.2.2.3 


b.jqp is the lesser of: 
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Table 8.4.2.2.3 


b.jqp is the lesser of: 
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Coordination of Chap. 11 and 18 Wall Shear Eqs. 


e ACI 318-83 introduced seismic equation 
— TWO wall shear equation forms 


* Equation forms gave similar results 
* Committee 318 wanted consistency in form 
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Coordination of Chap. 11 and 18 Wall Shear Eqs. 


* Chapter 11: all changes 
* Chapter 18: no change 


e 318-14 simplified compression eq. 
(Table 11.5.4.6) 


| A, f „d 
V -2AF hd + OD 
S 
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Coordination of Chap. 11 and 18 Wall Shear Eqs. 
* 318-19 Eq. 11.5.4.3 
Va [aay f. + Pf A. 


* 318-19 Eq. 18.10.4.1 (same as -14) 
V. - (Af. + Pfu) An 
* a 3.0 
2.0 
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Coordination of Chap. 11 and 18 Wall Shear Eqs. 


* Impact minor 

* Similar results 318-14 to 19 

e Note use of £, in 318-19 vs d in 318-14 
— din 318-14 assumed 0.8 £, 
— Results in a "lower" max V4: 


V, =10J find (318— 14) 


V, = 8y LH, (318 — 19) 
= 8y fc Acy 
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Maximum spacing of legs of shear reinforcement 


2.0 
Vs" exp = [Vexp (with stirrups) ~ Vexp (without stirrups)! 
Vs" exp Ayfytd 
Ka | vaas tt Nm 
Vs, aci SL 
P7 (Outlier) 
1.5 
A A59 
(Gutiier) 
1.0 
0.5 
Proposed spacing limit for Sw—! 
0.0 


0.0 0.5 1.0 1.5 2.0 2.5 
Normalized Stirrup Spacing, sw/d 


Fig. 10—Influence of stirrup leg spacing across width on effectiveness of shear reinforcement. 


Source: Lubell et. al, “Shear Reinforcement Spacing in Wide Members, ACI Structural Journal 2009 
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Table 9.7.6.2.2—Maximum spacing of legs of 
shear reinforcement 


Maximum s, in. 


Nonprestressed beam Prestressed beam 


Required V, = 


Across Along Across 
width length width 


3h/4 3h/2 


Along length 


d/2 


< A f. b d Lesser of: 
> AJ f. b d Lesser of us dE ma 
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Maximum spacing of legs of shear reinforcement 


Beam stirrup configuration with three 
closed stirrups distributed across the beam 
width 


s maximum = d or d/2 nonprestressed, 3h/2 or 3h/4 prestressed 
Single U-stirrup (with 135-degree hooks) 
across the net width of the beam, two 
identical U-stirrups (each with 135-degree 
hooks) distributed across the beam interior, 
and a stirrup cap 


Single U-stirrup across the net width of the 
beam, two smaller-width U-stirrups nested in 
the beam interior, and a stirrup cap 


s maximum = d or d/2 nonprestressed, 3h/2 or 3h/4 prestressed 
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Interaction of shear forces 
s Biaxial shear 
« Symmetrical RC circular sections 


— (V. equal about any axis 
— V, on 2 centroidal axes, V, = resultant 


v, y+, ET 
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Interaction of shear forces 


* Biaxial shear © 

* Rectangular RC sections S 
— dV. differs between axes 

- V, on 2 axes, gV.# resultant S 

O 

O 

E 
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Interaction of shear forces 


Biaxial shear on non-circular cross section 
ØV. = Elliptical interaction diagram 


I? 
Ln 


7.28 5809 99 a — 
» 
z 
^ 
o 


— Interaction Curve 


N 


= 
Ln 


F a 
w 
d d e" 
G Pa 
x1 + 
E ^ HE 
0.5 v æ” 
0 $8 RRR 99 8 —— 
0 1 1.5 2 2.5 
WWW.CONCRETE.ORG/ACI318 Vexp(x)/Vpre(x) 
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Interaction of shear forces 


e 22.5.1.10 Neglect 
interaction of shear 
forces 
If v, Nu x S 0.5, OF v, ,/ dv, , S O.5 

e 22.5.1.11 requires 
interaction consideration  ?? 


If Vux/ dv, X > 0.5, and Vayl N ny > 0.5; 
then 0 


s 
Un 
pupa 


Vexp(y)/Vpre(y) 


1 1.5 
Vexp(x)/Vpre(x) 
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Monolithic beam-to-beam joints: Hanger steel 


s Commentary added: R9.7.6.2 


* Hanger reinforcement 
— Suggested where both the following are true: 
— Beam depth 2 0.5 girder depth 


— Stress transmitted from beam to girder 2 3f, of 
the beam 


WWW.CONCRETE.ORG/ACI3 18 340 


EM NENNEN Br. os ass as 


Monolithic beam-to-beam joints: Hanger steel 


e =s 


Supporting Hanger reinforcement 
beam Other transverse 
reinforcement not shown 


Fig. R9.7.6.2.1—Hanger reinforcement for shear transfer. 
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Changes in durability and materials 


Changes in material properties (19.2) 
— Additional minimum f’. requirements 
— Ec. requirements 


Changes in durability (19.3) 
— Calculating chloride ion content 
— Sulfate exposure class S3 

— Water exposure class W 

— Corrosion exposure class CO 
Changes in material (26.4.1) 
— Alternative cements 

— New aggregates 


« Recycled aggregates 
* Mineral fillers 


Evaluation and acceptance (26.12) 
— Strength tests 
Inspection (26.13) 
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Table 19.2.1.1 - 
Additional minimum strength, f’. 


Structural walls in SDC D, E, and F 


Special structural walls with Grade 100 reinforcement | 5000 | 


Higher strength concrete used with higher strength steel 
e Enhances bar anchorage 


* Reduces neutral axis depth for improved 
performance 
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19.2.2.1R Modulus of Elasticity 


* E. from Code equations is appropriate for 
most applications 


* Large differences for HSC (T. > 8000 psi), 
LWC, and mixtures with low coarse of 
aggregate volume 
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19.2.2.2 Modulus of Elasticity 


E. can be specified based on testing 
of concrete mixtures: 


a) Use of specified E- for proportioning 
concrete mixture 


b) Test for specified Ec 


C) Test for E- at 28 days or as 
indicated in construction 
documents 
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Contract Document Information 


* Members for which E. testing of concrete 
mixtures is required (26.3.1(c)) 
* Proportioning (26.4.3.1(c)) 
— E, is average of 3 cylinders 
— Cylinders made and cured in the lab 
— E.2 specified value 


Source: Engineering Discoveries 
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Changes in durability and materials 


Changes in material properties (19.2) 
— Additional minimum f’. requirements 
— Ec requirements 


Changes in durability (19.3) 
— Calculating chloride ion content 
— Sulfate exposure class S3 

— Water exposure class W 

— Corrosion exposure class CO 
Changes in material (26.4.1) 
— Alternative cements 

— New aggregates 


e Recycled aggregates 
* Mineral fillers 


Evaluation and acceptance (26.12) 
— Strength tests 
Inspection (26.13) 
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Table 19.3.2.1 - Allowable chloride limits 


WWW.CONCRETE.ORG/ACI318 


Percent mass Maximum water-soluble 
of total chloride ion (CI) content 

rra Min in concrete, by percent 
cementitio US Max "E mass of cementitious Additional 
materials Gee w/cm E materials provisions 
rather than j Non- Prestressed 

prestressed concrete 

percent concrete 


weight of ^ | co | nya |2500{ 100 | 006 | None 
cement c1 | NA |250| 030 | 006 | —— 


Cover 
2 | 040 ai E per 20.5 


For calculation, cementitious 
materials € cement 
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Determining chloride ion content 


e 26.4.2.2(e) - 2 methods to calculate total 
chloride ion content 


(1) Calculated from chloride ion content from 
concrete materials and concrete mixture 
proportions 


(2) Measured on hardened concrete in accordance 
with ASTM C1218 at age between 28 and 42 days 
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Sulfate Attack - Change in S3 


Credit: PCA 
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Table 19.3.2.1 - 
NES Catego -3-53 Options T. 'S3' Options 1 and 2 


Class Cementitious | Cementitious Materials, Type | Type Calcium chloride 
s C150 C595 C1157 admixture 


opes Un No restriction 


Types with r3 Not permitted 
HS + 
S3 V + Pozz | Types with . 
i Pozz or Not permitted 
Option 1 or slag | (HS) + Pozz 
Slag 
or slag 


Types with 3 
aal 940 | soo f v (HS) EET 
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Added advantage of sulfate exposure $3 - 
Option 2 


e Option 1: 18 month test results 
e Option 2: 6 and 12 month test results 


Table 26.4.2.2(c)—Requirements for establishing 
suitability of combinations of cementitious 
materials for Exposure Class S 


Maximum length change for tests in accordance 
with ASTM with ASTM C1012, percent 
ER A. class | 


At 12 months At 18 months | A18 months | 


fae eset No requirement | No requirement 
| O10! ^ |No requirement 


tion 1 No requirement 
TER 


[ose | eu [Nosema 
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Table 19.3.2.1 - Water Exposure Category W 


Two Categories - concrete in contact with water: W1 and W2 


Concrete in contact with water where low Foundation member 
permeability is not required below water table 


Concrete in contact with water where low Pavement parking deck 
permeability is required surface 
requirements 


wa [wa [ze — | 364228) 
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Exposure W1 and W2 check for reactive 
aggregates 


* 26.4.22(d)- Concrete 
exposed to W1 and W2, 
concrete mixture to comply 
with 


* ASR susceptible 
aggregates not permitted 
unless mitigated 


e ACR susceptible 
aggregates not permitted 
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26.4.2 Concrete Mixture Requirements 


26.4.2.2(g) Concrete placed on or against 
stay-in-place galvanized steel forms, max. 
chloride ion content shall be 0.30 percent by 
mass of cementitious materials unless a 
more stringent limit for the member is 
specified 


6-6-10 welded 
wire mesh 
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Changes in durability and materials 


Changes in material properties (19.2) 
— Additional minimum f’. requirements 
— Ec requirements 

Changes in durability (19.3) 

— Calculating chloride ion content 

— Sulfate exposure class S3 

— Water exposure class W 

— Corrosion exposure class CO 
Changes in material (26.4.1) 

— Alternative cements 

— New aggregates 


e Recycled aggregates 
* Mineral fillers 


Evaluation and acceptance (26.12) 
— Strength tests 
Inspection (26.13) 
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New materials allowed 


* Alternative cements (26.4.1.1) 


E RETE nen T PCA 
— Inorganic cements used as 100% replacement ot 
Po 


— Recycled glass and others in ITG-10 


* Alternative aggregates and mineral fillers 
(26.4.1.2 and 3) 
— Recycled aggregated from crushed concrete 


— Mineral fillers — finely ground recycled glass or 
others 
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New materials allowed 


Permitted if: 


e Documented test data confirms 
mechanical properties are met for design of 
structural concrete (strength, durability, fire) 


* Approved by LDP and Building official 


e Ongoing testing program and QC program 
(alternative recycled aggregates) to 


achieve consistency of properties of 
concrete 


WWW.CONCRETE.ORG/ACI318 


pt ee GO) 1 G S Ne 


Changes in durability and materials 


e Changes in material properties (19.2) 
— Additional minimum f’. requirements 
— Ec requirements 
* Changes in durability (19.3) 
— Calculating chloride ion content 
— Sulfate exposure class S3 
— Water exposure class W 
— Corrosion exposure class CO 
* Changes in material (26.4.1) 
— Alternative cements 
— New aggregates 


e Recycled aggregates 
* Mineral fillers 


* Evaluation and acceptance (26.12) 
— Strength tests 
* Inspection (26.13) 
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26.12—Evaluation and acceptance of 
hardened concrete 


e 26.12.1.1 
— Added ASTMs for sampling, cylinders, and testing 
— Sample taken at point of delivery 
— Certified field and lab testing technicians 
required 
— Clarified that "Strength test” is the average of at 
least two 6 x 12in. or three 4 x 8 in. cylinders 
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26.12.6 Investigation of strength tests 


(d) Cores testing: 
e Min. 5 days after being wetted 
e Max. 7 days after coring 


Unless otherwise approved by LDP or 
building official 


Source: The Constructor 
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Changes in durability and materials 


Changes in material properties (19.2) 
— Additional minimum f’. requirements 

— Ec requirements 

Changes in durability (19.3) 

— Calculating chloride ion content 

— Sulfate exposure class S3 

— Water exposure class W 

— Corrosion exposure class CO 


Changes in material (26.4.1) 
— Alternative cements 
— New aggregates 
* Recycled aggregates 
* Mineral fillers 
Evaluation and acceptance (26.12) 
— Strength tests 


Inspection (26.13) 
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26.13—Inspection 


26.13.1.1 Concrete construction inspection per: 
e General building code (GBC) 
e ACI 318in absence of GBC 

im 


Source: Galvanizeit 
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26.13—Inspection 


Inspector must be certified when inspecting: 
e Formwork, 

s Concrete placement, 
e Reinforcement, 

s Embedments 
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Seismic Inspections (26.13.1.3) 


Inspection performed by: 

e LDP responsible for the design 

e An individual under the supervision of LDP 
e Certified inspector 


Elements to be inspected: 

e Placement and reinforcement for SMF 
e Boundary elements of SSW, 

e Coupling beams, and 


e Precast concrete diaphragms in SDC C, D, 
E, or F using moderate or high- 
deformability connections 


e Tolerances of precast concrete 
diaphragm connections per ACI 550.5 


Source: NIST page 
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Other Inspections (26.13.1) 


e Reinforcement welding qualified welding 
inspector 

* Expansion, screw, and undercut anchors — 
inspector certified or approved by LDP and 
building official 

* Adhesive anchors certified inspector 
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26.13.3.2 Items requiring continuous inspection 


26.13.3.2 Items requiring verification and continuous 
inspection shall include (a) through (e): 

(a) Prior to placement, concrete mixture for intended 

location. 

(b) Tensioning of prestressing reinforcement and grouting 

of bonded tendons. 

(c) Placement of reinforcement for special moment 


frames, boundary elements of special structural walls, and 
coupling beams. 


(d) Welding of reinforcement for special moment frames, 
boundary elements of special structural walls, and 
coupling beams. 

(e) Post-installed anchor installation, if required as a 
condition of the anchor assessment or 1f adhesive anchors 
are installed in horizontal or upwardly inclined orienta- 
tions to resist sustained tensile loads. 
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26.13.3.3 Items requiring periodic inspection 


26.13.3.3 Items requiring verification and periodic inspec- 
tion shall include (a) through (J): 


(a) Placement of reinforcement, embedments, and post- 
tensioning tendons. 

(b) Welding of reinforcement except as required in 
26.13.3.2(d). l 

(c) Curing method and duration of curing for each member. 
(d) Construction and removal of forms and reshoring. 

(e) Sequence of erection and connection of precast 
members. 
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26.13.3.3 Items requiring periodic inspection 


(f) Verification of in-place strength of concrete before 
stressing post-tensioned tendons and before removal of 
shores and formwork from beams and structural slabs. 

(g) Placement of cast-in-anchors and anchor reinforce- 
ment, including tolerances required for location of anchor 
reinforcement. 

(h) Installation of post-installed expansion (torque- 
controlled and displacement-controlled) screw, and 
undercut anchors. 

(1) Installation of adhesive anchors, except as required in 
26.13.3.2(e). 


U) Proof loading of anchors if required in accordance with 
26.13.2.5. 
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Why strut-and-tie method? 


* Valuable tool where plane-sections 
assumption of beam theory does not apply 


e Truss analogy used to analyze concrete 
structures 
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Strut and Tie Method 


SN 
E 270 
4 ———————————————* 
t 
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Deletion of bottle-shaped strut 
Bottle-shaped strut 
e Spreads out at a slope of 2:1 
* Reinforcement is at an angle orthogonal to 
grid (Not used) 


* Requirement deleted 


shape 
trut al zone 
SLR wo idealized 
prisma tic 
7 PK Brut 
c Ze SS 


Tie 
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Code Changes—Strut-and-tie method 


* Minimum angle between strut and tie 

* Effect of prestressing 

* Development of tie forces 

* Strut strength and maximum shear stress 
s Minimum reinforcement in D-region 

e Curved nodes 


* SIM part of seismic force resisting system 
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R23.2.7 Angle between strut and tie 


25° < 0 < 65° 
* Mitigate cracking 


Hote: Hanger reinforcement 
is hooked around top bars of 
member 


* Compatibility 


l L 


L Invalid angle < 25 degrees qr 


(a) Invalid strut-and-tia modal (b) Adjusted strut-andtie modal 
to satisfy 23.2.7 
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Code Changes—Strut-and-tie method 


* Effect of prestressing 
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23.2.8 Effect of Prestressing 


Bonded 
PT Tendon 
12-0.5" Strand 
Ag = 1.84 in 
Ese = 277“ 


CCT Node 
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23.2.8 Effect of Prestressing 


Bonded 
PT Tendon 
12-0.5" Strand 
Ag; = 1.84 in? 
Ese = 277" 


Fes Anh Ande) 
1 z . 


277% 


2 97. 
m 
Piso Strut 18 f 
36 36 | 36 | 36" | 
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23.2.8 Effect of Prestressing in STM 


* Use as an external load 
e Prestress force applied at end of strand 
transfer length 
* Load factors per 5.3.13 
— LF of 1.2 if PT effects increase net force in struts or 
ties 
— LF of 0.9 if PT reduce net force in struts or ties 
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23.7 Strength of ties 


Tensile strength: 
— Simple tension element 
B Fe -= = Af, TAUAF, 
— $ = 0.75 for all ties 

* Aip = 0 (nonprestressed) 


* Af, = 60 ksi for bonded prestressed reinf. and 
10 ksi for unbonded prestressed reinf. 


AT, max œ L E fe 
Note: tie centroid coincides with reinforcement centroid 
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Code Changes—Strut-and-tie method 


* Development of tie forces 
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23.8.2 Strength of ties 
Anchorage of tie reinforcement is accomplished 
by: 
* Mechanical devices 
* Post-tensioning anchorage devices 
e Standard hooks 


¢ Straight bar development 
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23.8.2 Strength of ties 


Critical section for 
development of 


f see R23.8.2 tie reinforcement 
anc: JO. 
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23.8.3 Development of Tie Forces 


* Tie force is developed in 
each direction at the point 
where the centroid of the 
reinforcement in the tie 

\ leaves the extended nodal 


Ke 
770 


\ zone. 

\ * Removed requirement to 
develop difference in tie 
force within the extended 

\ nodal zone. 


1260 
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Code Changes—Strut-and-tie method 


* Strut strength and maximum shear stress 
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23.4 Strength of struts 


e 3 components 
— Struts EBERT 
— Ties 
—Nodal zones w 


Strut strength: 

E = foe Acs T A's E 
and 

NS = 0.856 PF, 
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23.4 Strength of struts 


Hanger Tie 
P (D) E P (D«L) 
A 
Ledge Tie 
Diagonal Strut 


Strut coefficient, B. — Table 23.4.3 


Strut location Strut type 


Tension members or 


tension zones of Any 
members 
Boundary 
strut 
Interior 
struts 
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All cases 0.4 (a) 
All cases 1.0 (b) 
Reinforcement satisfying (a) 
or (b) of Table 23.5.1 
V, € $5AA,J f.b,,dtan 0 
Beam-column joints 0.75 (e) 
All other cases 0.4 (f) 
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23.4 Strength of struts 


V, < 454A, f. b,,d tano 
With À.: 


1- A, = 1 if distributed reinforcement is provided 


2-3 = | s) 
i 1+d/10 
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23.4 Strength of struts 
V, < $5tan04A, Jf. bud 
Assume 421,4, = 1, and 25^ > 0 < 65° 
tan 65° = 2.14 
> V, x$5(2.14) (1) (0) f! bud 
< $10. 7. f. byd 
Limit to 10 ./f’. consistent with deep beam 


provision 9.9.2.1 
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Code Changes—Strut-and-tie method 


s Minimum angle between strut and tie 

* Effect of prestressing 

* Development of tie forces 

* Strut strength and maximum shear stress 
s Minimum reinforcement in D-region 

* Curved nodes 


* SIM part of seismic force resisting system 
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23.5 Minimum distribuled reinforcement 


ACI 318-19 - minimum distributed reinforcement 
requirements in deep beams and walls 


[Member | Distributed reinforcement, Pmin 


Deep beams l Min. [d/5 and 
(99.3.1 9.9.43] 2 0.0025 in each direction 12 in.] 
Longitudinal Transverse 
Cd CIP 0.0012 to 0.0015 — 0.002 to 0.0025 
; o0. 
eem | RT S Min. [3h, 18 in.] 
g Precast 0.001 0.001 (1172 & 11.7.3) 
Vu qua 0.0025 2 0.0025 
(11.6.2) 
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Minimum Reinforcement of D Regions 


3.5 


*|99 


Strength Ratio (Viest/Vetm) 
€ 
€ 
© 


0.5 
le— 0.25% 
| 


0 0.002 0.004 0.006 0.008 0.01 


Minimum (Vert. & Hor.) Distributed Reinforcement Ratio 
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23.5 Minimum distributed reinforcement 


Table 23.5.1—Minimum distributed reinforcement 


Lateral restraint of Reinforcement Minimum distributed 
strut configuration reinforcement ratio 


0.0025 in each 


Orthogonal grid 


direction 
Not restrained Reinforcement in one 
direction crossing strut 0.0025/(sin?a;) 
at angle q; 
Restrained Distributed reinforcement not required 
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23.5 Minimum distributed reinforcement 


Distributed reinforcement 


must satisfy: 


Distributed 
reinforcement 


(a) Spacing not greater than 
12 in. 
(b) a, not less than 40 


degrees 


Note: smaller a, controls 
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23.5 Minimum distributed reinforcement 


Struts are considered laterally restrained if: 


(a)Discontinuity region is continuous _ to plane of 
STM 


Discontinuity Region 
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23.5 Minimum distributed reinforcement 


Struts are considered laterally restrained if: 


b) Concrete restraining strut 
extends beyond each side 


face of strut a dist. 2 1/2 w, 


Round Pile 
(R=150, 200mm) 


Source: Yun et al. 2016 
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23.5 Minimum distributed reinforcement 


Struts are considered laterally restrained if: 
C) Strut in a joint restrained on all 4 faces (15.2.5 & 15.2.6) 
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Code Changes—Strut-and-tie method 


s Minimum angle between strut and tie 

* Effect of prestressing 

* Development of tie forces 

* Strut strength and maximum shear stress 


* Minimum reinforcement in D-region and 
deletion of bottle-shaped strut 


e Curved nodes 


* SIM part of seismic force resisting system 
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Curved Nodes 
Definition 
Node, curved-bar - The bend region of a 
continuous reinforcing bar (or bars) that 


defines a node in a strut-and-tie model 


Pretensioning Strand 
(not shown in elevation) 


Dapped-end T-beam Column Corbel 
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23.10 Curved-bar Nodes 


Why curved nodes? 


Nodal zones are 
generally too small to 
allow development 
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23.10 Curved-bar Nodes 


Two issues that need To 
be addressed: 


a 


stress 


1. Slipping of bar 


Radial stress 


2. Concrete crushing 


WWW.CONCRETE.ORG/ACI3 18 402 


nE S r ines — M 


23.10 Curved-bar Nodes 
What is the bend radius? 


How long is the arc 
length of the bar bend 
along centerline of bar? 


Table 25.3. 1—Standard hook geometry for development of deformed bars in tension 


403 
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23.10 Curved-bar Nodes 


1* Condition 
e 0«180 degree bend 
* T; 7 T7 Aff, 


s Radial compression 
stresses are uniform 


e Bond stresses = 0 
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23.10 Curved-bar Nodes 
0 « 180 degree bend 


but not less than half bend | T | C 
diameter of Table 25.3 
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23.10 Curved-bar Nodes 


0 = 180 degree bend 


180-degree 


See R23.10.2(b) for 
minimum bend radius 


But not less than half bend 
diameter of Table 25.3 
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23.10 Curved-bar Nodes 


Curved-bar nodes with 
more than one layer of 
reinforcement 


2A 


Ar; - total area of tie 
rp - radius of innermost 
layer 
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23.10 Curved-bar Nodes 


23.10.2 Cover 2 2d, Curved-bar C-T-T node 


— T 
Center of curvature 
must be located 


23.10.3 cover < 2d, within joint 


(shaded area) 


3rx(2d,/c.) |. 


23.10.5 At frame corners, joint and bars are 
proportioned such that center of bar curvature 
is located within the joint 
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23.10 Curved-bar Nodes 


2nd Condition 
Tie forces are not equal: 


* Compressive stress on the 
inside radius of bar varies 


e Circumferential bond stress 


f cp (measured along centerline of bar) 


b 
L Radial compressive 
stress 


Circumferential 
bond stress 


develops along bar | C, Resultant of radial and 
Ash, circumferential stresses 
e A, f 
0. is the smaller of the two C, = —— 
angles cos0, 
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23.10 Curved-bar Nodes 
23.10.6 The curve must be 


sufficient to develop 
difference in force 


fcb (measured along centerline of bar) 


L Radial compressive 
stress 

th > Ea ] = ta n 0.) Circumferential 

+ 

bond stress 


c 
l C, Resultant of radial and 
In terms of r, ^ circumferential stresses 
Atsty 
C3 = 


cos@, 


T 2/,(1-tan0,) d, 
T 2 
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Code Changes—Strut-and-tie method 


s Minimum angle between strut and tie 

* Effect of prestressing 

* Development of tie forces 

* Strut strength and maximum shear stress 


* Minimum reinforcement in D-region and 
deletion of bottle-shaped strut 


* Curved nodes 


* SIM part of seismic force resisting system 
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23.11 Earthquake-resistant design using STM 


Distributor/Collector Compression strut Tension tie 
S cS) o——_-® 


Develop tension tie 
beyond node 


Li Li 


Wall Transfer 


force 
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Earthquake-resistant design using STM 


Seismic -force-resisting system assigned to 
SDC D-F and designed with STM must satisfy: 
1. Chapter 18 


2. Strut forces are increased by overstrength 
factor Q, = 2.5 or Q, < 2.5 if based on 


rational analysis 
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23.11 Earthquake-resistant design using STM 


If condition 2 is not satisfied then the following 
must be addressed, Provisions 23.11.2 - 23.11.5 
1. Provisions 23.11.2 and 23.11.5 


Reduce strut and node effective 


compressive strength, fee, of concrete by 0.8 
fce = (0.8)(0.85 B.-B, L) 
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23.11 Earthquake-resistant design using STM 


2. Two options for strut detailing, 
Provisions 23.11.3 and 23.11.4: 


e Strut w/min. 4 bars 
* Transverse ties perpendicular to strut 


e Detailing of ties per Ch. 18 column 
requirements and Ch. 23 Tables 
23.11.3.2 and 23.11.3.3 
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23.11 Earthquake-resistant design using STM 


23.11.4 Tie development length is 1.25 @, (25.4) 


Nr 

i - 

LI T 
-NAE 
-e EEEE 
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Shotcrete 


Table R4.2.1.1—Sections in Code with shotcrete 


e Shotcrete equals provisions 


regular concrete 
e Placement 25.2.7 through 25.2.10, 25.5.1.6, and 


Where shotcrete 1s required or 
permitted 


25.517 


method 


e Additional 
information in L5: sss 3 
ACI 506R and 
ACI 506.2 
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Shotcrete 


Why Shotcrete? 

* Several applications — new or repair 
s Economical 

* Effective 

* Excellent bond 
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Shotcrete 


Two processes 
* Wet mix 
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Shotcrete 


* Requirements for freezing-and-thawing exposure 


e 19.3.3.3: Air entrainment 
— Wet-mix shotcrete subject to Exposure Classes F1, F2, or F3 
— Dry-mix shotcrete subject to Exposure Class F3 
— Air content shall conform to Table 19.3.3.3. 
— Exceptionin 19.3.3.6 (similar to concrete) 


Table 19.3.3.3— Total air content for shotcrete 
exposed to cycles of freezing and thawing 


: percent 
Mese — | em | FI | | Fs 


App 


lIEntramed air 15 not required in dry-mix shoterete for these exposure classes. 
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Shotcrete - Minimum Spacing of 
Reinforcement 


e 25.2.7: Parallel 
nonprestressed 
reinforcement 

— (a) at least the I [i : 
greater of 6d, T— BE 
and 2-1/2 in. dq 12d, 


ERE Max (6d, 2.5in. 


— (b) If two curtains 
of reinforcement 
are provided, 


* At least 12d, in | 
The curtain nearer s L 


the nozzle Max (6d,, 2.5in.) 
* remaining curtain I2d 
confirm to (a) : 
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Shotcrete - Minimum Spacing of 
Reinforcement 


e 25.2.10 


— For ties, hoops, and spiral reinforcement in 
columns to be placed with shotcrete, minimum 
clear spacing shall be 3 in. 
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Shotcrete -Splices 


e 25.5.1.6 Non-contact lap 
splices 
— Clearspacing- No. ó and 


smaller bars, at least greater of 
6d, and 2-1/2 in. 


— Clearspacing- No. / and larger 
bars, use mockup panel 


e 25.5.1.7 Contact lap splices 


— Plane of the spliced bars be 
perpendicular to the surface 
of the shotcrete 


— Need approval of the LDP 
based on a mockup panel 
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Shotcrete 
Mockup panels 


* To demonstrate proper encasement of the 
reinforcement 


e Represent most complex reinforcement 
configurations 
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Shotcrete 


e Mockup panels 


Crew shooting 
mockup panel 


Mockup panel 
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Shotcrete 


Construction Documents and Inspection 
e 26.3.1-26.3.2: Where shotcrete is required 


— Identify the members to be constructed using 
shotcrete 


e 26.4.1.2 - 26.4.1 7: Materials 
— Aggregate gradation - ASTM C1436. 
— Admixtures — ASTM C1141. 


— Packaged, preblended, dry, combined materials 
for shotcrete — ASTM 1480 
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Shotcrete 


* 26.42 - Concrete mixture requirements 
— Maximum coarse aggregate size < 1/2 in. 
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Shotcrete 


¢ 26.5.2.1: Placement and consolidation 
— Remove rebound and overspray prior fo placement 
of a new layer 
— Cuttings and rebound shall not be incorporated into 
the Work 
— Roughen existing surface to '4 in. amplitude before 
placing subsequent shotcrete 
— Before placing additional material onto hardened 
shotcrete, 
* Remove laitance 
* clean joints 
* dampen surface 
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Shotcrete 


s 26.5.2.1: Placement and consolidation 


— Remove and replace in-place fresh shotcrete 
that exhibits sags, sloughs, segregation, 
honeycombing, and sand pockets 


— Shotcrete nozzle operator 
e must be certified 
e able to shoot an approved 
mockup panel 
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Shotcrete 


26.5.3: Curing Satisfying (1) — (3) 
(1) Initial curing : for first 24 hours 


(i) Ponding, fogging, or continuous sprinkling 


(ii) Absorptive mat, fabric, or other protective 
covering kept continuously moist 


(iii) Application of a membrane-forming curing 
compound 
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Shotcrete 


26.5.3: Curing Satisfying (1) — (3) 
e (2) Final curing: After 24 hours 
(i) Same method used in the initial curing process 
(ii) Sheet materials 
(iii) EISE moisture-retaining covers kept continuously 
mois 


* (3) Maintain final curing 
for a minimum duration of: 
— / days 
— 3 days if either a high-early-strength cement or an 
accelerating admixture is used 
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Shoicrete 
26.5.6: Consiruction contraction -anddsolation 
joints 
s cutata 45 unless a square joint is 
designated 


s Submit locations to LDP for approval 


— For joints not shown on the construction 
documents 
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Shotcrete 


26.12—Evaluation and 
acceptance 


e Strength test 


— Average strength of 
minimum three 3 in. decer d e NOUS 
diameter cores from a VOLL Sce B 
test panel WD Te 

— Tested at 28 days or at 
test age designated for 


f C in: 1/2 in. welded wire fabric 


Matenal test panel sketch showing 
where to cut five cores 
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Shotcrete 


26.12.2 Frequency of testing 


* Prepare a test panel 
— For each mixture 
— For each nozzle operator 


— at least once per day or for every 50 yd? 
* whicheverresults in the greater number of panels 
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Shotcrete 
26.12.4 Acceptance criteria for shotcrete 


e 26.12.4.1(a): Test specimens to satisfy (1) 
and (2): 
(1) Test panels shall be prepared 


e in the same orientation 
s by same nozzle operator 


(2) Cores as per ASTM C 1604 
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Shotcrete 


26.12.4 Acceptance criteria 


e 26.12.4.1(b): Strength to 
satisfy (1) and (2): 
(1) average strengths from three 
consecutive test panels 2 f.' 
(2) average compressive 
strength of three cores from a 


single test panel Z 0.85f.' and 
no single core strength < 0.75f.' 


Take steps to 
increase strength 
If not satisfied 


Investigate 
if not satisfied 
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Appendix A - Design Verification Using Nonlinear 
Dynamic Analysis 


Why was Appendix A added to the Code? 


ASCE 7-16 = yes 

LA Tall Building Council = yes 
PEER = yes 

ACI 318-14= no 


ACI 318-19 = yes 
— Coordinates treatment of concrete 


WWW.CONCRETE.ORG/ACI3 18 439 


8 5$ 1 5 M a et le 
Appendix A - Design Verification Using Nonlinear 
Dynamic Analysis 


What is Design Verification Using Nonlinear 
Dynamic Analysis? 

* Design basis 

* Initial design per ACI 318 (Ch. 18) 

* Nonlinear software 


e Behaviors in model based on 
— Testing 
— Estimated properties 


Fig. RA.10.2—D, in response hysteresis from an analysis model. 
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Appendix A - Design Verification Using Nonlinear 
Dynamic Analysis 


* Analysis results vs Design basis 
* Peerreview 


* Agreement that structure meets IBC 2018 
req. 
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Appendix A - Design Verification Using Nonlinear 
Dynamic Analysis 


Why would an engineer use Design Verification 
Using Nonlinear Dynamic Analysis? 
* Tall buildings (over 240’) 
— IBC 2018 # special concrete shear walls 
— Forces dual system 
* Nonlinear Dynamic Analysis 
— Allows concrete shear walls over 240’ 
— Exception per IBC 2018 104.11 
e NOT JUST FOR SEISMIC 
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Certificates 


e emailed to you within 1-2 weeks 
* Check email and name on sign-in sheet 
(cj ees 


AMERICAN CONCRETE INSTITUTE 


Presents 7.5 Professional Development Hours / 
0.75 Continuing Education Units (7.5 AIA/CES LU/HSW) 


to 
John Smith 
for the participation in the 
ACI 318-19: Changes to the Concrete Design Standard Seminar 
at 
Farmington Hills, MI 
on September 12. 2019 


Med e VAR T NC UDIN 
mmm PROVIDER 


Michael L. Tholen, Managing Director 

American Concrete Institute Approved Education Provider: 

38800 Country Club Drive American Institute of Architects (G115; 3189) 
Farmington Hills, MI 48331 International Code Council: 12345 


248.848.3700 North Carolina Board of Examiners for Engineers and Surveyors 
i Florida Board of Professional Engineers PVDR #0003855 
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Feedback 


e Survey in the 
email with your 
certificate 

* Brief, 11-question TT 


survey ee 


3. Rate Mike Tholen's presentation skills. 


ACI 318-19: Changes to the Concrete Design Standard 


1. Overall, how would you rate this seminar 


( , Excellent 
Q Good 


(^ 


4. Rate Mike Tholen's knowledge on the subject. 
( ; Excellent 


( ;, Good 
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An Invitation to Join - ACI Membership 
Widen 9 TH 
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30,000 members form the premier community 
dedicated to the best use of concrete 
— Free access to ACI's 200+ guides reports 
— Concrete International, Structural Journal, Materials Journal 
— ACI University, discounts, Q+A opportunities, and more 


Learn more and join: concrete.or 
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